©® MICHIGAN STATE
@2  SHELS: 8Ca(ioMey) + PhS(085malem?) — 258N0ISs  |irseesi

NSCL 1S EP"
LISE** Version 9.10.209
from 11/19/2015
11/19/15 11/24/15
48Ca219Mev)+PbS(0.406mglem?) 48Ca(216Mev) + PbS(0.35mg/cm?)

1. Dubna’s ray table

2. How to use a rays table in LISE++

3. Results

4. Disagreements

« Beam emittance. What is the real beam emittance?
 Energy loss ?

» Distribution after neutron emission

* Rutherford scattering : is it so important in this case??

5. “Today solution” — simple solution for distributions
6. Comparison of LISE MC, LISE distribution, Dubna distributions

 Energy
 Brho
* Angular

OT, 11/24/15, East Lansing 1



Ray table

X[mm) Y{mm) X'(rad) ¥'(rad) E(MeV) g{un &) B\rho[Tm)

- A B C D E F G H I
I n Itl aI 1 ! -2.63 -2.22 0.0597 0.0267 34.65 21 0.643
2 | 2.86 -3.98 -0.1579 0.0524 30.11 17 0.741
3 1.97 3.26 0.0003 0.0172 40.76 17 0.862
4 -0.97 3.16 -0.0109 0.0005 38.66 19 0.751
5 0.56 -4.79  -0.0511 0.0521 26.04 17 0.689
(5] -1.05 4.4 0.1051 -0.005 25.58 18 0.693
7 -1.51 1.64 0.0005  -0.0475 32,11 20 0.65
g8 4.06 1.98 0.0271 0.0061 34.28 16 0.84
9 0.54 -0.07 -0.1172 0.1031 28.71 20 0.615
10 1.69 3.61 0.0531 -0.0024 28.26 20 0.61
11 2.85 -1.43 0.0228 -0.0196 36.79 13 1.071
12 -4.49 -0.68 0.0997 -0.0876 34.67 16 0.845
13 -1.69 0.85 0.0613 0.0782 28.23 21 0.581
A B C D E F G H I J K L il
1|1z M q X, mm dx HK'mrad dx' ¥, mm dy Y'mrad dy' E,MeV/u dE
2 102 152 21 -2.63 1 59.7 1 -2.22 1 26.7 1 0.136417 0.002
3 102 152 17 2.86 1 -157.9 1 -3.98 1 52.4 1 0.118543 0.002
4 102 152 17 1.57 1 0.3 1 3.26 1 17.2 1 0.160472 0.002
5 102 152 19 -0.97 1 -10.9 1 3.16 1 0.5 1 0.152205 0.002
3] 102 152 17 0.56 1 -51.1 1 -4.79 1 52.1 1 0.10252 0.002
F I n al fo r L I S E + + 7 102 152 18 -1.05 1 105.1 1 4.4 1 -3 1 0.116457 0.002
8 102 152 20 -1.51 1 0.5 1 1.64 1 -47.5 1 0.126417 0.002
9 102 152 16 4.06 1 27.1 1 1.98 1 6.1 1 0.134961 0.002
10 102 152 20 0.54 1 -117.2 1 -0.07 1 103.1 1 0.113031 0.002
11 102 152 20 1.69 1 531 1 3.61 1 -2.4 1 0.11126 0.002
12 102 152 13 2.85 1 22.8 1 -1.43 1 -19.6 1 0.144843 0.002

SHELS particles v2.inrays file is attached to the e-mail
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How to use an inpuit ray: taole? N

L S Iy

AN STATE
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lise.nscl.msu.edu/9 6/9 6 23.pdf#page=10

'MonkCMocalr. i i 5 =
~What izotope tranzmission to calculste ? Hecoowdinste “icoardinate R =mitted from target
" One ragment o intarect. Chosa manually hare [D‘I plter BLOEK. as Im Adter BLOCK Jj r
=l ha ¥
Group of lsotopes aready calculsted o3 B -
by the Distibution method Meds-01 || | & - oo o it £ Openfile B viewfie
List of izatopes from fle | KT mrad (ol A | {| miad
o F ol — o file —
L Yy me v — —
absent
& Irections s fomfle! oy - rofie - N = rt T 7' iF miad I
* larget | O s g ;
DT i dP/FP % & dPP % Gate 2 — Mumber of rows
Thoes ragrmert of niareet © Radial [I<Y] © Radial [2Y] mm r b
I C ngle [ [{<0Y]] mead C Angle [ X" miad —mm ata
A Element 2 - -
z E Erergy Meviu Erergy MV
w0 [sn [0
. - =  TEE Met  TKE et
Hotas doca " Momeanhum Metie " Momentum Meic
€ Biho T'm € Biho Tm [ Gae3 v OK
Charge states © Welacty o  welociy cming r
| 50+ 01 -] _ et C EneigLoss  Mey O Enetaaloss  MeV 5 ~Note
I = ———— i e s LT The Isatope list file is in ASCII format.
© Envelope i " Erwelope i Comment string begin with "1" or "
IF‘roecnIeFlagn'ertatlzn z‘ ~ Eny Mefmen e Mel /e fing Degl
| Deposii patticle Deposilion  Jpariice The Columns can be separated by a Space, a Comma or
[ Gaed a Tabulation. User can put comments also at the end of
I @ B MCtrmnsmission options | © Timeolfight ns " Tmeoffight  ns r data line
L " e L AR e e b
I f o gate
[Eteem [ 5wi > [Soeper =] east 13 c s should be in the specified order.
[ pewi i G “Ditrbution” caloulation | [12_wedae e Step > iz nedos =l Three first columns: “Z2" , "N", "'q", where 2 is atomic
Pt window BY  MCccsent | number, M iz number of neutrons, q is ionic charge
ian to file
o = al The next ten are X, d<, %', d0°, Y, Y vdv", E, dE.
Mante Carlo EEEE T s "d" means StDev. Set 0if you do not want to use it.
* out | 20-plet [a-2q =l |2 taomic rumbs) =] XY inmm, XY inmrad, E in MeW/u
Two addional columns can be used for time [tdt] in ns
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MICHIGAN E

Results with the ray table KaKELCIS
SH ELseﬁ_A”_Vl_N eWSetIpp The File is attached to the e-mail

Transmission 54.5%

g = — B
@ Ions rays after target : MC Yield Plot - Envelope (only passed) Elﬂu

ITons rays after target : MC Yield Plot - Envelope (only passed) ~ Continue |

Input rays file: "SHELS particles v2"; Number of rays: 25001; Optics Order: 1
dp/p=61 06% ; Brho(Tm)- 0.7401, 0 7401, 0. 7401, 0.7401

1

AngAccept: Off, Bounds: ON; "drift final" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSS5S. .

Contour
Sum Z41e+08
Max 5454
=X= 831882
== 362261
dX 361363
dy  27.8021
XY 6.601e+00

100

SUM
5.454e+03
CPU speed

0 pps

60

[F P e ant T

20

X [mm]

-60

-100

0 2 4 [} 8 10 12
Tl-‘e‘ éﬂ-'- 7;1%;1 1_24_Dubna\SHELSef_All_v1_NewSet Ipp] Length [m]
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SHELSeff_All_ vl NewSet.lpp

The File is attached to the e-mail

where
transmission
lost?

OT, 11/24/15, East Lansing

Results with the ray tale

Ions rays after target : MIC Yield Plot - Envelope (all)
Input rays file: "SHELS particles v2"; Number of rays: 25001; Optics Order: 1
dp/p=61.05% ; Brha(Tm): 0.7401, 0.7401, 0.7401, 0.7401

AngAccept: Off, Bounds: ON;

MICH

]

N1

"drift final” - last block for MC cale; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSSS.

AN S
R S

1G
v

Contour
Sum 201e+06
Max 3324
<K= 595884
<¥> 5.5096
dX 367567
dY 305847

-120

3.1326+00
ET]

7.040e+03

CPU speed

0 2 4 6 8
24-11-2016 Length [m]

LISE+

15_11_24_Dubns\SHELSeff_All_vi_NewSet.Ipp

[%%] Tons rays after target : MC Yield Plot - Envelope (all)

Ions rays after target : MC Yield Plot - Envelope (all)
window projection —— Input rays file: "SHELS particles v2”, Number of rays: 25001, Optics Order: 1
dp/p=61.05% ; Brho(Tm): 0.7401, 0.7401, 0.7401, 0.7401
"drift final" - last block for MC calc; no gates; Config: D

Length [m]

AngAccept: Off, Bounds: ON; DSSSDsS

7200 |

6800

6400

5200

4800

I -
4400 }

4000 |

| 3200 |

1 3 5 7 9
Length [m]: window projection

B_11_24_Dubna\SHELSEH_AII_vi_NewSet Ipp




SHELSeff_All_ vl NewSet.lpp

The File is attached to the e-mail

where
transmission
lost?

OT, 11/24/15, East Lansing

Resultswithitherray tales

[%¥] Tons rays after target : MC Yield Plat - Envelope (all)

MICH
UNI

Ions rays after target : MC Yield Plot - Envelope (all)
Input rays file: "SHELS particles v2", Number of rays: 25001, Optics Order: 1
dp/p=61.05% ; Brho(Tm)  0.7401, 0.7401, 0.7401, 0.7401

AngAccept: Off, Bounds: ON;

"drift final" - last block for MC calc; no gates; Config: DSSSSSSSSSESDSSSDSESSSSSS8S.

Continue

160

120

80

40

Y [mm]
o

-40

-120

Contour
Sum 2.85e+06
Max 5450
== B8.0047
<'=-0.0301901
dX 367608
dy 211323
XY -2611e-01

ET

1.0008+04

CPU speed
0pps

4 6 8 10
Length [m]

Ions rays after target : MC Yield Plot - Envelope (all)
window projection —— Input rays file: "SHELS particles v2”, Number of rays: 25001, Optics Order: 1
dp/p=61.05% ; Brho(Tm): 0.7401, 0.7401, 0.7401, 0.7401

Length [m]

AngAccept: Off, Bounds: ON; "drift final" - last block for MC calc; no gates, Config: D DSSSDsS

7200 |

6800

6400

5200

4800

I -
4400 }

4000 |

1 3 5 7 ]

SHELSett_All_vi_NewSet ipp Length [m]: window projection




MICHIGAN STATE

Where are disagreements? SR

-

« Beam emittance. What is the real beam emittance?
 Energyloss ? (very different <E> and FWHM)
« Distribution after neutron emission (angular distribution shape, width) ?

* Rutherford scattering : is it so important in this case??

OT, 11/24/15, East Lansing 7



@ MICHIGAN STATE
UNIYERSITY

NSCL] 'S BEY

Dubna’s ray table
It has been used

- = Elcns rays after ta el:MDme'Cado Yield Plat_: '-‘. - . - @Eu‘
in LISE** files e - : <
. Continue
Tons rays after target : Monte Carlo Yield Plot
Input rays file: "SHELS particles v2";  Number of rays: 25001; Optics Order: 1
—Emittance [#1] dp/p=100.00% ; Brho(Tm). 0.7401
- Beam CARD 10 - shape 2l AngAccept: Off, Bounds: Off; "tuning" - last block for MC cale; no gates; Config: DA
g [zigma, zemi-axis, [Distribution e i Carfowr
half-width...) methad] g \ Sum 25404
| Max 6
T¥ mm |1 IEaussian ~| 7 } e
2T mradl 10 IGaussian j r | Sé gg?g:g
_ . 9 XY_31606-02
27 mm | 1 IGausman ;I r T Bl
: ' e 25008 +04
4 F mradl 10 IEausman ;I r o= O%&mpeed
, > 002400 pps
5L mm | 0 IGausman j r :; Rete (pps)
ED % | 01 |Gaussian - r £ e
2
:l.
9
Y= e
o _ Sethy 15
| [ 6 ]
i | 4
‘
| 2
-9 ] 1
24112015 19,1308 : 8 4 2 0 2 ! 6 ’
LIS E++ [G:2015_11 24 Dubnaltlpp] - after "tuning": X [mm]

It is the ellipse by 5x5 mm!!
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MICHIGAN STATE
UNIVERSITY

Energy distrbution

48Ca(216Mev) + PbS(0.35mg/cm?) Eieam = 4.505484 MeV/u

Reaction @ beginning of target

1. 25No* Compound energy 40.6 MeV or 0.158569 MeV/u.
Excitation energy 21.6 MeV

2. Evaporation of two neutrons (more probable are 1.3 and 1.5 MeV)

Components

Evaporation o(E) = 2.9e-3 (7.2e-3) MeV/u
or 1.82%
o(Ax) = 8.1 mrad (FWHM 21.5)

3. ?>*No passing the target

Components
Energy remain E = 0.141755 MeV/u
Straggling o(E) = 1.6452e-4 MeV/u (0.116%)

o(Ax) = 17.058 mrad

OT, 11/24/15, East Lansing

Shape
Gaussian

Gaussian

Shape

Gaussian
Gaussian

“Today simple”

kinematics.xlsx

IS attached.

More probable
consecutive emission
of two neutrons with
1.3 and 0.9 MeV



MICHIGAN STATE

Energy distrbution RANEASIAR

#8Ca(216Mev) + PbS(0.35mg/em?) Epeam = 4.505484 MeV/u “Today simple”

Reaction @ end of target

1. 8Ca passing the target

Components Shape

Energy remain E = 4.44186 MeV/u

Straggling o(E) = 1.4e-3 MeV/u (0.03%) Gaussian
o(Ax) = 3.25 mrad Gaussian

2. 25No* Compound energy 40.0 MeV or 0.156226 MeV/u.
Excitation energy 19.15 MeV

3. Evaporation of two neutrons (assume as in the previous case)

OT, 11/24/15, East Lansing 10



MICHIGAN STATE

Energy distotition R
*8Ca(216Mev) + PbS(0.35mg/cm?) E = 4.505484 MeV/u “Today simple”
Components Energy Shape
1. Beam emittance +0.2% Gaussian
or o(E) = 2.98e-4 MeV/u  (for final energy)

2. Energy rectangle due to energy loss difference
E1 =0.141755 MeV/u
E2 = 0.156226 MeV/u <E>=0.1489905 MeV/u
FWHM = 0.014471 MeV/u (rectangle)

3. Straggling o(E) = sqrt(cpeam? * Oresig?)/2 = 0.06%

4. Evaporation co(E) = 1.82%

5. Target non-uniformity (3% thickness) Gaussian

Components Energy

1. Gaussian o(E) = 1.83% (or 2.72e-3 MeV/u)
2. Rectangle <E>=0.1489905 MeV/u

FWHM = 0.014471 MeV/u (rectangle)

OT, 11/24/15, East Lansing 11



MICHIGAN STATE

Energy distrbution B STk

Ls

1% mm I 1 IGaussian j

LT rora I alIgIan j ++ I "
48Ca(216Mev) + PbS(0.35mg/cm?) j.l mmd| 10 IE B LISE ana yt|Ca

e —

ED % I 01 IGaussian LI

(% Sy o Soioe61 05% BehaiTen 0 7401 07401 07401 O 7401 =om)
Stripper-Energy: output

48Ca (4.5 MeV/u) + PbS (0.35 mg/cm?2); Settings on 2%4No102+..102+: Config: DSSSSSFSSFSSESDSFFFFSSDSEF
dp/p=61.05% ; Brho(Tm): 0.7401, 0.7401, 0.7401, 0.7401

sum of charge states

sum of reaction
1e+5 F ]
: 254N g
5t
2 |
—
— + = —
- le+4
; [
[+F} 5[
= I
= i
7]
% 4 ¥ statistics l \
! Stripper—-Energy: output
o 48Ca (4.5 Me¥-u) + PbS (0.35 mng-cm2): Settings on 254Holl2+..102+; Config: DSS55SFSSFSSESDSEFFFFSSDSEE. . .
— 1e+' dp-p=61.05% ; Brho{(Tm): 0.7401. 0.7401, 0.7401, 0.7401
7] YPlot 1
>' H | distribution | H-Mean | H-Max | V—MEH i deviation | FWHK ] area |SumnDfCount=s| LeftPsigma|RightPsigma|
B
N[0l 254Hao | 41.4752e-01 || +1.4684e-01 | 5.133e+04 5.851e-03 | 1.6826e-02 8.4443=402 | 4.895e+405 | 6£.347e-03 | 7.466e-03 |
e "
—
A 4 m
p .. . 5 = . 0 : = :
1e+2 = \ -]
i 1505 150056 115 0.125 0.135 0.145 0.155 0.165 0.175
LIS E ++ [G:\2015_11_24_Dubnalt.Ipp] Energy (MeV/u)

OT, 11/24/15, East Lansing 12



MICHIGAN STATE

Energy distrbution TR
48Ca(216Mev) + PbS(0.35mg/cm?) LISE** Monte C arIO

ot A = [t - N =
| ) - E % N N ¥ o L] ]
*No: Monte Carlo Transmission Plt |  14No: Monte Carlo Transmision Plt
43 (45 MeVi) + PbS (0.35 mglem?); Transmited Fragment %No (FusRes); Optcs Order 1~ | tripper”: Energy [MeV/u: window projection -— *#Ca (4.5 MeViu) + PbS (0.35 mg/em?): Transmitted Fragment No (FusRe
dp/p=100.00% dp!p=10[].00%
Anghcoept: OF Bounds: OF, "Stpper'- st block for MC calc; no gates; Config:A | AngAccept: O Bounds: Off, "Stripper' - fast block for MIC cale; no gates; Config:A
- - - - T g
Sim 3745 B 4000
a0 fy
& 01475 % - |
- > 015078 i
K D aoooser||  |E :
KR o 624 ;
E W 27t ﬂ 3
i e (| |1
s CPU speed
d 411e08 pps
k 2400
v R
X 2 &641% % s ’ ‘ |
:‘- % 2[]% igg; 'SI:SIil;EEEI‘lﬁléﬁﬁﬁﬁlmdm projection —— 48Ca (4.5 HeW/u) 4 PBS (035 ng/enl); Tramswitted Frament 254Bo (FusRes): (Optics Order:
g. g%ialggtmaﬂ Bownds: Off;  “Stripper’ - last block for ¥C cale; o gates: Comfig: 4
& 1600 piet 1
E V| distribution || sm-xen || ®-nsx | ypevax || deviation | FWEH || aes  |SunOfCoumts| IeftPsiona|RightPsioma
!n 12m 01| | +14755-00 |41, 458301 | 31072403 | 5.030=-03 | 1.4362-02 || 441508400 | 3744405 | 4626203 | 7.571-03 |
'L —
£ ] _ _
o
400
g i I I DO o 0 i I
after "Stripper"; Energy [MeVlu] LISE* G155 1 24 Dbty after "Stripper": Energy [MeViu]: window projection

OT, 11/24/15, East Lansing 13



MICHIGAN STATE

Energy distrbution TR

48Ca(216Mev) + PbS(0.35mg/cm?) D u b Na

% Doy e et o Cato e Pt §mm#fmg=mmﬁﬂ_ﬁ' o v B
lons rays after target : Monte Carlo Yield Plot Cow Tons rays after target : Monte Carlo Yield Plot

r" Iyt rays fil: "SHELS partickes vZ"; Number of rays: 25001; Opiics Order: 1 X after "Stripper”. Energy [MeVIu]: window projection -— Input rays flle: "SHELS particles v2", Number of rays: 25001; Opfies Order; 1
pip=57 28% - Brho(Tm): 07401, 0.7401, 07401, 07401 dp/p=37.

28% ; Brho(Tm}: 0.7401,
a il calt:

0.7401,0.7401, 0.7401

Anghccept ON;, - Bounds: ON; "Stripper” - lest block for MC calt; no gates; Config: DSSSS55SS5ESDSSSDSESSSSSSS...

w Contpur{J150 | l
um 25l lons rays after target : Nonte Carlo Tield Plot
@ Wax .Iv SQETE;S'Z-E;PPEE”EDP[:ITJE;‘;YD[%T‘UFIH]U ?za?dcr; gﬁiecéi;n;m— Input rays file: "SHELS particles v2'; HFumber of rays: 25001; Optics Order: 1
- =|| drp : . Brho{Ta): 0.7401, 0.7401, L0
E Ao -L00511484 E linghceept: ON;  Bounds: ON;  "Stripper” - last block for HC calc; no gates; Config: DS5955S55SESDSSSDSESSSSSSS. .. [
o2 018 ([iy]| Plot 1
(o}
@ 2N (e - — -
ooy [RE|F ] distesbation | | wasmn ] wmex | yaex | devistien | FIEM ares  |Sum0fCounts| LeftPsigna|RightPsignal
3 N (K
018 | +1.3143e-01(| +1.2816e-01 | 1.780e+02 | 1.471e-02 | 4.026e-02 | £.5697e+00 | 2.4%6e+0d | 1.417e-02 | 2.002e-02 |
b
H
A3
=
L % 018
-
=]
i
=
]
g
1
=
]
o
o
=
-
4
- 012
£
[}
| 01
e — — e 012 01 016 018 ]
- - ’ i : © Wil iecti 131481
! 8 ! ! ! : . ! d } | D S 1 e after "Stripper": Energy [MeV/u]: window projection N
after "Stripper": X [mm]

OT, 11/24/15, East Lansing 14



MICHIGAN STATE
UNIVERSITY

Brho distrbution AN
LISE** analytica

48Ca(216Mev) + PbS(0.35mg/cm?)

(%) stripper: Momentum OC I —

== !!gg!j

Stripper: Momentum OC
48Ca (4.5 MeV/u) + PbS (0.35 mg/cm?2); Settings on 254No102+..102+: Config: DSSSSSFSSFSSESDSFFFFSSI)|
dp/p=61.05% ; Brho(Tm): 0.7401, 0.7401, 0.7401, 0.7401

sum of charge states||

i)
£ i, _ _ _ _ _ sum nf reartinng
6500 | :
-
3 [5 Statistics J
E Stripper Homentum OC
48Ca (4.5 HeVou) + PbS (0.35 mg-cm2); Settings on 254Holl2+..102+; Config: DSS55SFSSFSSESDSEFFFFSSDSEE. | .
m dp-p=61.05% ; Brho(Tn): 0.7401, 0.7401, 0.7401, 0.7401
K 55 Flot 1
e " | distribution | H-TEan H-TAHE | T-max | dewiation | FWHH | area |SumDfCount=| LeftPsigma|RightPsigmal
7 01| 254Hco | +7.4585e-01 +6.80844=—-01 | 3.574=+03 || 9.6662-02 | 2.198e-01 |JB.334UE+02 | 4.578=+04 | 5.919=-02 | 1.275=-01 |
= Y
T A e . . . . . . 2
=
(7)) 254N
o 3500t
o
"
o
—
2
~ 2500 |
1500
(|
500
12015 1844 C)5.45 0.55 0.65 0.75 0.85 0.95 1.05
-11- 44: 6.2365e-1
) Brho (Tm) 2.8848e+3

LISE ++ [G:2015_11_24_Dubna\t.lpp]
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MICHIGAN STATE

Brho distrbution PLERALE RN
++ "
48Ca(216Mev) + PbS(0.35mg/cm?) L I S E an aly“ Cal
%mﬁm:mumwm e - — - | % Ictape Group: Monte Caro Yied Plt lmow WD : ‘l"'lt ‘ “ ' m rwl |L‘Elg
: Isotope Group : Monte Carlo Yield Plot Isotope Group : Monte Carlo Yield Plot
: “Ga 5 MeVl) + oS (0.35 mlon?; Trensited Fragment N2 (FusRes), Opis On £ Biho [Tm]: window projecton — *Ca (45 MeViu)+ PoS (0,35 mg/em. Transmitted Fragment 24N /® 2
% dpip=100.00% ; Brho(Tm): 0.7401 dp/p=100.00% ; Brho(Tm}: 0.7401 |
2 AngAccept. Off. Bounds: Off. *tuning' - last block for MC calc; no gates; Config: DA - AnpAceant OffRounde: Off"tuning" - fast hinek for MC cale no pates Confi: DA
4 gt ¥ sttt . i
g § f gf@?iﬂg- g?[%ﬁ? Z;iégv mmm — 40Ca (4.5 HeWru) + PES (0.35 ng/ond); Trensmitted Frageent 254Nol02+ 102+ (FusRes); Optics Order: 1
i 119 N MF% ﬁﬁ;ﬁéiﬂgf”&i,m‘ﬁﬁs “c?ﬁ'il “tming" - Last block for I cale; 10 gates: Camfig: 1L
a < E W| distribution | zwean |  mnax | ynaz | devistiom | FWHE | area  |SunOfCounts| LeftPsignalRightPsigua|
E; 105 i glif 0| | +7.5019=-01 | +6 830301 | 8300401 | 1.0272-01 | 1.0942-01 | 1.6203e+01 | B.226e403 | 2.330e-02 | 6.965e-02 |
F je==
] 8
0
L
5 085
» 60
I d
j
Fo0es 4
-
)
8 0%
pil
045
03
s VLU0 O R 47:3?3-35 T T
z_hw'séﬂf[@:ﬁu?'s_w1_24_Dumaaup:j ater "tuning’™ Energy eV _LISE [0S 1. Dty after "tuning™: Brho [T*m]: window projection

OT, 11/24/15, East Lansing 16



MICHIGAN STATE

Brho distrbution

48Ca(216Mev) + PbS(0.35mg/cm?) D u b Na

. -
iiE) E Ions rays after target : Monte Carlo Yield PI Esi

5 lons ey e et Mo Cao Yild Pt

El .
, . Coniue ! Tons rays after target : Monte Carlo Yield Plot
IO“S l‘ﬂ}S aftEl‘ tﬂl‘get : M(]llte Cal‘](l Yleld Plﬂt after "Stripper": Brho [T'm]: window projection - Input rays file: "SHELS particles v2"; Number of rays: 25001; Optics Or{
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MICHIGAN STATE
UNIVERSITY

Energy and Brho distriottions S CompariSon

LIS K

48Ca(216Mev) + PbS(0.35mg/cm?)

in MeV/u
<E> sig.E FWHM E
Dubna 0.1343 1.42E-02 4.03E-02
LISE MC 0.14755 5.03E-03 1.44E-02
LISE analytical 0.14752 5.85E-03 1.63E-02
"today simple” 0.14899 ~0.006-0.007 ~0.015
in T*m
<Brho> sig.Brho FWHM Brho
Dubna 0.7197 1.04E-01 2.04E-01
LISE MC 0.7502 1.03E-01
LISE analytical 0.7459 9.67E-01 2.20E-01
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MICHIGAN STATE

Angle distripution : N”"_f.“f_”."
48Ca(216Mev) + PbS(0.35mg/cm2) E = 4.505484 MeV/u “Today simple”

Components Energy Shape
1. Beam emittance c(Ax) = 10 mrad Gaussian
2. Evaporation o(Ax) = 8.8 mrad Gaussian
3. Straggling c(A) = Sqrt((ybeam2 + 6residz)

=17.3 mrad Gaussian
Final o(Ax) = 21.8 mrad Gaussian
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48Ca(216Mev) + PbS(0.35mg/cm?)

MICHIGAN STATE
UNIVERSITY

Energy distrbution

M

LISE** analytica

Without angular emittance
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48Ca (4.5 MeV/u) + PbS (0.35 mg/cm?); Settings on 2%4No; Config: A
dp/p=100.00%

without charge states

sum nf eactigns

Te+1 |

254No:100.0%

r@ Statistics

/! \

Stripper—Angle: ='input

48Ca (4.5 MeVou) + FbS (0.35 mg- cm2);
dp-p=100.00%

Flot 1

Yield (pps/mrad)

Settings on 254Ho;

Config: A

~

N | H-TEan |

distribution |

H-MAX | y-max | dewiation | FWHH area | Sum0fCounts| LeftPsigma|RightPsigna |

01| 254No:100.0%

4 mn

| -1.8043e-09 | +0.0000e+00 | 2.068=+01

-
I

| 1.664e+01 | 3.942e+01 || 5.6408=+02 | 1.626e+02 | 1.674s+01 | 1.674=+01 |
w,

..

' \

24-11-2015 18:16:40
L1SE ++ [G)\2015_11_24 Dubna\tipp]

-60 -20 20 60 100

Angle (mrad)




MICHIGAN STATE
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Energy distrbution

48Ca(216Mev) + PbS(0.35mg/cm?)

LISE* Monte Carlo
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MICHIGAN STATE

Energy distrbution ARMITIRE
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MICHIGAN STATE

Angular distrioution s COmpParson

LIS K

48Ca(216Mev) + PbS(0.35mg/cm?)

in mrad
sig.Ax FWHM Ax
Dubna 5.06E+01 5.55E+01
LISE MC * 1.64E+01 3.22E+01
LISE analytical * 1.66E+01 3.94E+01
"today simple" gaussian 2.18E+01 5.14E+01

* without beam angualr emittance
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