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Link: Spectrometer “DRAGON” (TRIUMF)

High Order  extended configuration

 DRAGON2000 extended configuration 

 DRAGON documentation

 DRAGON files location

 Optimization with LISE++

 Alternative configuration

 2015 settings vs. documentation 2000

 Angular Acceptance

 Momentum Acceptance

 Charge states selection

 Experiment 15O(,)19Ne

 Fusion

 De-excitation by gamma at low

energies vs. kinematics

 Segmented configuration

 Open questions

http://dragon.triumf.ca/home.html


DRAGON documentation sources
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1. THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001

2. D.A. Hutcheon et al. / Nuclear Instruments and Methods in Physics Research A 498 (2003) 190–210

3. Fax by D.A. Hutcheon from 09/01/2003 with GIOSP input

4. Commissioning the DRAGON facility at ISAC by S.Engel et al. from 06/23/2005

5. On-line DRAGON tools http://dragon.triumf.ca/DragonTools.php#md1

6. Unrike’s comments

Finally, the DRAGON’s extended configuration

has been created mainly based on the first very

detail document (THE DRAGON Recoil Separator

Optics by The Recoil Group from January 3, 2001), so let’s

call this configuration as DRAGON2000,

because there are some differences were found

with other sources which will be discussed.

http://dragon.triumf.ca/DragonTools.php#md1


DRAGON2000 parameters (p.1) 
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DRAGON2000 parameters (p.2) 
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3.0163Oleg’s check 4.7819 4.4815 4.1301 4.2175

Corrections for Dipoles lengths:
DRAGON2000

DRAGON2000a

lengths

The configuration “DRAGON2000” is used for 

optimization and benchmarks.

Lengths of drifts should be corrected for the 

new DRAGON2015 configuration!!!



DRAGON2000 parameters (p.3) 
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In order to use these EM devices settings in

LISE++ an ion 39Ca13+ has been selected with

energy 1.34161 MeV/u what corresponds to

Br=0.5 Tm and Er=8.047 MV



DRAGON settings in LISE++
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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”



DRAGON files location @ LISE++ site
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→   This document

→   Angular Acceptance analysis from  the Charge Slits

→   Angular Acceptance analysis from  the Mass Slits

→   Angular Acceptance analysis from  the Target position

→   Momentum Acceptance analysis

→   Beam charge states after thin target

→   DRAGON optics optimization : 1st sector

→   DRAGON optics optimization : 2nd sector

→   DRAGON optics optimization : 3rd sector

→   DRAGON optics optimization : 4th sector

→   DRAGON optics optimization : ALL sector

→   DRAGON files in the LISE++ installation package 

→   DRAGON extended configuration

→   DRAGON segmented configuration

→   DRAGON extended  : 15O(, )19Ne

→   DRAGON extended  : primary beam 39Ca5+

→   DRAGON extended  alternative configuration

→   DRAGON segmented  : 15O(, )19Ne

http://lise.nscl.msu.edu/9_10/DRAGON/

http://lise.nscl.msu.edu/9_10/DRAGON/


DRAGON optimization in LISE++ : 1st step

OT, 05/22/15, East Lansing 8

Fitting 

constraintsQuads 1 & 2

Settings



DRAGON optimization in LISE++ : 1st step
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Results

LISE++

THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001



DRAGON optimization in LISE++ : 2nd step
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Fitting 

constraints

Quads 3,4,5

Settings



DRAGON optimization in LISE++ : 2nd step
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Results

LISE++

THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001



DRAGON optimization in LISE++ : 3rd step
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Fitting 

constraints

Quads 6,7

Settings



DRAGON optimization in LISE++ : 3rd step
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Results

LISE++

THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001



DRAGON optimization in LISE++ : 4th step
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Fitting 

constraints

Quads 8,9,10

Settings



DRAGON optimization in LISE++ : 4th step
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Results

LISE++

THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001



DRAGON optimization in LISE++ : final step
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Fitting 

constraints

Quads 1-10

Settings



DRAGON optimization in LISE++ : final  step
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Results

All constraints 

are good!

Four X-images “Mass” selection



DRAGON final 1st order matrix elements
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Results



DRAGON   E-M devices   settings
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THE DRAGON Recoil Separator Optics by The Recoil Group from January 3, 2001

DRAGON2000 in LISE++



DRAGON2000a  (alternative configuration)
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See page 4

DRAGON2000a  configuration with additional drift blocks around

dispersive elements corresponding to lengths in THE DRAGON Recoil

Separator Optics by The Recoil Group from January 3, 2001



DRAGON2000   X & Y envelopes : dp/p = 0%
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Four images

X

Y



DRAGON2000   X envelopes : dp/p = 0 & 2 %
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“charge” (momentum) slits

X

X



DRAGON2000 envelopes comparison
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THE DRAGON Recoil Separator Optics by The Recoil 

Group from January 3, 2001 

X

Y

LISE++



DRAGON2000 calculation comparison : initial distributions after target
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THE DRAGON Recoil Separator 

Optics by The Recoil Group from 

January 3, 2001 

X

X’

LISE++

initial distributions after target

X

dE/E

Y

Y’

X

X’

X

dP/P

Y

Y’



DRAGON2000 calculation comparison : Charge slits
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THE DRAGON Recoil Separator 

Optics by The Recoil Group from 

January 3, 2001 

X

X’

LISE++

distributions @ Charge slits

X

dE/E

Y

Y’

X

X’

X

dP/P

Y

Y’

1st order



DRAGON2000 calculation comparison : Charge slits
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THE DRAGON Recoil Separator 

Optics by The Recoil Group from 

January 3, 2001 

X

X’

LISE++

distributions @ Charge slits

X

dE/E

Y

Y’

X

X’

X

dP/P

Y

Y’

2nd order



DRAGON2000 calculation comparison : Mass slits
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THE DRAGON Recoil Separator 

Optics by The Recoil Group from 

January 3, 2001 

X

X’

LISE++

distributions @ Mass slits

X

dE/E

Y

Y’

X

X’

X

dP/P

Y

Y’

1st order



DRAGON2000 calculation comparison : Mass slits
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THE DRAGON Recoil Separator 

Optics by The Recoil Group from 

January 3, 2001 

X

X’

LISE++

distributions @ Mass slits

X

dE/E

Y

Y’

X

X’

X

dP/P

Y

Y’

2nd order



DRAGON2000 calculation comparison : Final slits
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THE DRAGON Recoil Separator 

Optics by The Recoil Group from 

January 3, 2001 

X

X’

LISE++

distributions @ Final slits

X

dE/E

Y

Y’

X

X’

X

dP/P

Y

Y’

1st order



DRAGON2000 calculation comparison : Final slits
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THE DRAGON Recoil Separator 

Optics by The Recoil Group from 

January 3, 2001 

X

X’

LISE++

distributions @ Final slits

X

dE/E

Y

Y’

X

X’

X

dP/P

Y

Y’

2nd order

Second order  optics 

(sextupoles field) 

should be checked in 

LISE++ configuration!!



Angular Acceptance
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Settings

Beam dialog

Monte Carlo

options

Monte Carlo Transmission settings

Coming to the Charge slits

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

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


Angular Acceptance : Target-Charge slits

32

X’

Y’
OT, 05/22/15, East Lansing



Angular Acceptance:  Target  - Final slits

33

These values are recommended to use in 

calculations by the Distribution method in 

the case of use of one angular acceptance.

X’

Y’
OT, 05/22/15, East Lansing



Angular Acceptance:  Charge Slits  - Mass slits
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X’

Y’
OT, 05/22/15, East Lansing



Angular Acceptance:  Mass Slits  - Final slits

35

X’

Y’There is not vertical focus at  these slits!

It is impossible to use vertical angular acceptance here

OT, 05/22/15, East Lansing



Angular Acceptance:  S3 - Final slits
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Y’

There is vertical 

focus before S3

OT, 05/22/15, East Lansing



Horizontal Angular Emittance Loss
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1st order

2nd order

X’

X’
OT, 05/22/15, East Lansing



Vertical Angular Emittance Loss
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1st order

2nd order

Y’

Y’

OT, 05/22/15, East Lansing



Angular Acceptances in the Configuration file
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Angular Acceptances transmission benchmarks
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“Distribution” method
With set Angular Acceptances 

“Monte Carlo ” method
With set Angular Acceptances

No bounds 

“Monte Carlo ” method
No  Angular Acceptances

WITH  bounds 

OT, 05/22/15, East Lansing



Angular Acceptances transmission benchmarks

41

“Distribution” method
With set Angular Acceptances 

“Monte Carlo ” method
With set Angular Acceptances

No bounds 

“Monte Carlo ” method
No  Angular Acceptances

WITH  bounds 

@ Final Slits

Y’

X’

Y’

X’

Y’

X’

OT, 05/22/15, East Lansing



Momentum Acceptance
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1st order

2nd order



Momentum Acceptance
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1st order

2nd order

dp/p vs. Final X



Momentum Acceptance
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Total  momentum acceptance of the separator  is equal to  ± 3.24 %, 

that corresponds to the Charge slits size of ± 19.7 mm.

Momentum acceptance of the 1st half separator (Target - Mass Slits) is equal to  ± 4.27%,

that corresponds to the Charge slits size of ± 26.0 mm.



Charge States Selection: Monte Carlo solution
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Charge slits

X’ vs X

Final slits

X’ vs X

Mass slits

X’ vs X



Charge States Selection: Monte Carlo solution
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1st order



Charge States Selection: Monte Carlo solution
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2nd order



Charge States Selection:  “Distribution” method
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14+
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14+
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14+
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15+

14+

13+
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0

00



Experiment 15O(, )19Ne
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LISE++ settings

Beam

Target

Production mechanism



Experiment 15O(, )19Ne :  sub-barrier fusion
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Experiment 15O(, )19Ne  : kinematics
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At so low energy the compound de-excitation should be considered as two-body kinematics.

But in LISE++ two-body kinematics is used only for two nuclei. No yet option for HI & gamma

19Ne compound distribution from fusion kinematics without gamma-emission taking into account are narrow, Gaussian-shape!! 



Experiment 15O(, )19Ne: two-body kinematics

52OT, 05/22/15, East Lansing

Ax

or the cone is 

equal to 15.6 mrad



Experiment 15O(, )19Ne: two-body kinematics
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It’s corresponds to  initial 

rectangle emittance 

dp/p =  +/- 1.5%



Experiment 15O(, )19Ne : kinematics
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In order to obtain distributions corresponding to two-boy kinematics HI+gamma

it is possible to change the initial beam emittance as



Experiment 15O(, )19Ne : selection
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@ Charge Slits



Experiment 15O(, )19Ne : selection
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In front of  the Mass Slits 

assuming there are not the 

Charge slits and Angular 

acceptances 

In front of the Mass Slits with the 

Charge slits and Angular 

acceptances 



Experiment 15O(, )19Ne : selection
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19Ne3+ after the Mass Slits



Experiment 15O(, )19Ne : selection
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19Ne3+ after the Final Slits

19Ne3+ transmission 86.2%

Main cut by the vertical 

angular acceptance @ S3

Only 19Ne3+ passing through the separator !



Experiment 15O(, )19Ne : selection
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19Ne3+ after the Final Slits

19Ne3+ transmission 90.8%

Monte Carlo solution :

With bounds, no Angular Acceptances

1st order
19Ne3+ transmission 77.5%

2nd order



Experiment 15O(, )19Ne : transmission loss
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1st order



Experiment 15O(, )19Ne : transmission loss
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2nd order

M
a
s
s
 s

li
ts



Segmented configuration
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Segmented
“Easy” configuration for regular users

Extended
Detail configuration for experts

90 blocks 11 blocks (5 sectors, 3 material blocks and 3 slits)

MD1
ED1

Q6Q7

MD2

ED2

MD1 ED1

Q6Q7

MD2

ED2



Segmented configuration
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Pay attention for cut settings:

4 angular acceptances, 3 slits

5 sectors

(segments)



Segmented configuration : 15O(, )19Ne case 
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The same transmission as for the 

extended configuration (see page 58) 

In front of 

the Charge Slits

In front of 

the Mass Slits
In front of 

the Final Slits



Open Questions
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1. Differences between DRAGON 2000 and DRAGON 2015, Drifts?  

Create extended DRAGON2015 configuration

2. Define sextupole field values for LISE++ configuration

3. Develop the  two-body kinematics mechanism in the case  HI & 

4. Difference in Quad fields between DRAGON 2000 and DRAGON 2015 :

DRAGON 2000

http://dragon.triumf.ca/DragonTools.php#md1

?


