Simulations and first tests of slowed
down beams at GSI
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» Monte-Carlo simulations
» Test with ®*Ni at FRS




Objective

Obtain 5 MeV/u to 10 MeV/u RIB to be used for
secondary reaction studies at FRS.

Degrader

RIB from FRS determine E by TOF,

trajectory and
» | ID the fragment ID fragment by energy loss

if needed

Lise++ simulations

Al Degrader

*Ni
250 MeV/u

> 2.7m flight in vacuum




SC42-Energy: input
84N (250.0 MeWiu) + Al (3.88 g/cm2),CrBFe74MI18 (1e-1 mm);, Settings on #Ni; Config: MSMSM
dp/p=100.00%

withou? ch arge BlateE
Eum of feaclione

» SN
N FWHM=157MeV
FWHM/E =0.27

? 1E+E-E < . 1
2 80% of the *Ni nuclei
2 “survived” the slow down '
§ ] . 1

\ 2% TOF~ -
AN a SQRT(E[MeV/u]) ]

A B Sc;

= it ¢ il = .

e N TR Y

- L Nl 43 -
— S W, e hr ot 4

R T i = T e R

. #.—______. '.h_--._—:.-—-'"‘-_---;:‘-._'—'w- '-'_::"__".,_ —

e e e L W e Y |

: ﬁ

= T = — =}
G0 a0 100 120 140

;L:-:'-:-'_;:I:-'::' : ks and SetingsiFlamen BoulachkoviDesktopulsaisdnl_test sintThini0Oke .Jznerg? [Mev'llu}

TOF -> contaminants from secondary reactions are of 5
the order of 10 compare to the fragment of interest = |



Lise++ and MC

64Ni : Monte Carlo Transmission Plot
ter "Dinft 2.46m": Energy [MeV/u]: window projection — 2#Ni (250.0 MeV/u) + Al (3.58 gfcm2),CrBFe74NI18 (1e-1 mm); Trasmitted Fragment &N (b
dp/p=100.00%
"SC42" - last block for MC calculation; no gate; Configuration: MSMSM

| The MC includes: i
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Less than 10% difference in the stopping
powers calculated with ATIMA and SRIM2006 = |



64Ni : Monte Carlo Transmission Plot
84N (250.0 MeViu) + Al (3.88 g/lem<2),CreFe74Ni1E (1e-1 mm); Trasmitted Fragment 54N (beam)
dp/p=100.00%
"SC42" - last block for MC calculation; no gate; Configuration: MSMSM
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64Ni : Monte Carlo Transmission Plot
after "Dnft 2.46m": TKE [MeV]: window projection — 24Ni (250.0 MeV/u) + Al (3.88 g/cm2),CraFedMNi18 (1e-1 mm); Trasmitted Fragment 24N (bes
dp/p=100.00%
"SC4Z" - last block for MC calculation; Gate: "AND" (Time of flight [ns]); Configuration: MSMSM

| %Nij. TOF=65.0+/-0.1 ns
FWHM=6 MeV
“l FWHM/E__=0.009 "
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64Ni : Monte Carlo Transmission Plot
after "Dinft 2.46m™:. TKE [MeV]: window projection — %N (250.0 MeViu) + Al (3.88 g/cm2),CrEFer4Ni18 (1e-1 mm]; Trasmitted Fragment #4Ni (bes
dp/p=100_00%
"SC42" - last block for MC calculation; Gate: "AND" (Time of flight [ns]); Configuration: MSMSM

sl **Nj, TOF=65.0+/-0.2 ns ‘
wl  FWHM=8 MeV 1
| FWHM/E =0.014 ,
| Eff=2.5% ]
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64Ni : Monte Carlo Transmission Plot
er "Dnft 2.46m": X'(Theta) [mrad]: window projection - 34Ni (250.0 MeViu) + Al (3.88 g/cm?2),CraFeT4Ni18 (1e-1 mm); Trasmitted Fragment 34Ni (k
dp/p=100.00%
"SC42" - last block for MC calculation; Gate: "TAND" (Time of flight [ns]); Configuration: MSMSM

TOF = 65.0+/-0.2 ns
FWHM =22 mrad = 1.3 deg *
320} -->+/-3cm at SC42 position
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Reducing the unwanted fragments

Use dE signal from SC42

Al Degrader

64Ni
> 2.7m flight in vacuum vacuum
250 MeV/u

14 MeV/u 10 MeV/u

100 microns SC material ~ 57 microns Si




TKE-TOF
BaMi (250.0 MeViu) + Al (3.86 g/em2),CrEFe/4MNI18 (Te-1 mm), Settings on #Ni; Config: MSMSM
dp/p=100.00%
Start: Start; Stop: SC42; ACQ_start: Detector ™ 1st TKE detector: Si without charge states
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E=10MeV/u --> TOF = 52.5 ns




dE-TOF
84N (250.0 MeViu) + Al (3.86 g/cm2),CrEFe74dNi18 (1e-1 mm); Settings on #Ni; Config: MSMSM
dp/p=100.00%
Start: Start; Stop: SC42; ACG start: Detector ™ dE: SC42 - H10C9 {100 pm) without charge states
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Need a detector with resolution 5/240=0.02 or better




after "Drift 0.2m": TKE [MeV]
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B0 (250.0 MeViu) + Al (3.86 g/em2),CraFe/4Ni18 (1e-1 mm); Trasmitted Fragment 24Ni (beam)

64Nj : Monte Carlo Transmission Plot

dp/p=100.00%
"Dnft 0.2m" - last block for MC calculation; no gate; Configuration: MSMSM
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64Ni : Monte Carlo Transmission Plot

after "5C42" TKE [MeV]: window projection — 2=Ni (250.0 MeViu) + Al (3.86 gfcm<), CrEFe74NI18 (Te-1 mm); Trasmitted Fragment N1 (beam)
dp/p=100.00%

"SC42" - last block for MC calculation; Gate: "AND" (Time of flight [ns]); Configuration: MSMSM
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Add back:
E=E(TOF)+dE(SC42)




Optimum initial **Ni energy
E=9 MeV/u -->TOF=65.0+/-0.2 ns

E[MeV/u] Degradermg/cm*2] FWHM(E)[MeV] FWHM/Emax Eff%] FWHM(A)mrad]
200 2.654 8 0.013 3.8 19
250 3.880 8 0.014 2.5 22
300 5.255 8 0.014 1.8 23

No reduction in Eff due to secondary reactions in the
degrader are taken into account.

E[MeV] | Sunive prob = Tot Eff%]
200 0.85 3.2
250 0.80 2.0
300 0.73 1.3




Mono-energetic *’Co

62Co : Monte Carlo Transmission Plot 62Co : Monte Carlo Transmission Plot
after "air": Energy [MeV/u]: 'W'i”d‘?"'-' projection — &4Ni {540.0 MeV/u) ¥ Be (2446 mg/em?),Nb (223 mg/em?); Trasmitted Fragment %2Co after "air™ X/T heta) [mrad]: window projection -— 8N (540.0 MeViu) + Be (2446 mg/em?),Nb (223 mg/em2); Trasmitted Fragment %2Co (Fragme
B Gplp=3.09% ; Wedges: 0, Al (5050 mg/cm?); Brho(Tm}: 7.3852, 7.9892, 6.2211, 6.2211 dp/p=3.09% ; Wedges: 0, Al (5050 mg/em2); Brho(Tm}: 7.9852, 7.9892, 6.2211, 6.2211
air" - last block for MC calculation; no gate; Configuration: DSWDSMWMDSDMMMMMMMMMMMMMMMMMMMMMMMSMMMMMML 3ir" - |ast block for MC calculation; no gate; Configuration: DSWDSMWMDSDMMMMMMMMMMMMMMMMMMMMEMMSMMMMMMMMMIS!
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E=10MeV/u before SC42-->61.6 ns

TOF=61.6+/-0.2ns
Eff~1.3% FWHM(A)~29 mrad




Test Experiment




*Ni, E(SC42) vs. TOF
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*Ni, E(Si) gated on TOF for 10 MeV/u

0=
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E”:_ Eff~1.6%
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Summary

» Results of the Monte-Carlo simulations:
1. Eff and energy resolution from TOF.
2. Effects from rejecting BG by dE, energy resolution
Each experiment type needs a dedicated setup.

» Test experiment performed for **Ni primary beam and
fragments:

1. Angular and energy spread after slowing down was
measured.

2. The first test results on energy straggling support the MC
simulations.

3. Further analysis will give the angular straggling and
characteristics of the slow down fragments.




Future

> Experiments with Si DSSD detectors and fast
pre-amplifiers are planed for August 2007.

> Experiment at FRS with optimized setup and secondary
target in October 2007.




