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MICHIGAN STATE

EMMAfiles location @ EISEE paCKage UNIVERSITY

Ly 1 D AR

Name | Ext 'Size  [lDate
SR <DiR> 1171772015
133.012 11/1772015)| — EMMA for the primary beam A=100,g=20+,E=180MeV

e — EMMA for the reaction 132Sn(6Meviu)+CD,(0.1 mg/cm?) .

u s » PP .
s DRAGON2000_reaction_2Zbody Ipp 55.413 09/16/2015
e_DRAGON2000_39Ca_beam Ipp 355,049 07/22/2015
e_DRAGON2000_reaction Ipp 357.464 07/22/2015
s_DRAGON2000_reaction Ipp 55.647 07/22/2015

MName |E:|1 |5m |iDate

; <DiRs"11/17/2015 _ _
lcn 112,029 Im?au15| — EMMA configuration
len .

len 329,085 07/22/2015

LISE** site / 9_10/ EMMA

- 0%+ _(-_e_?l|i;E.n;c|.m;u.Edu.-'g_ln_-'En-wrv-m.-I

Index of /9 _10/EMMA

Name Last modified ~ Size The next files been used for the analysis presented in this work
gli 015-11.17 15.19 1291; — file to define Angular Acceptance
[3] EMMA beam MAlp  2015-11-17 15220 126K —  file to define Momentum Acceptance
[P) EMMA beam originallpp  2015-11-16 12:02 124K —  file with “original” quad-values
[?] EMMA reaction AAlimitlpp 2015-11-17 16:46 134K — the same as “EMMA _reaction.lpp ” with small X ’-acceptance
[#) EMMA reaction NoGoldiop 2015-11-17 1227 131K — the same as “EMMA _reaction.Ipp ” without the gold degrader
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MICHIGAN STATE

EMMA optics settings ARLLELE

| Given Mame | Statim) | Lengthim) | BOkG)#U | BrTmicor/real | DriftM4ngle | Rapplem)RL.. | Leffm)#Ldipm] | 2 nd order | CaleMatr/Z-0 | AngdcesppsShts | COSYIFit | SE |

tuning 0000 00007 +3.2873  *0.9862 * 400 = 3.0000 =,0000 . =19 Hy - - : 5
d o3| drift Cinift 1 0.o00 0.2470 ztandard - HY - - =
O&|ud: o 0247 0139 +134745  0.3362 QUAD 35000 01338 ves 1R - Hy - : &
d o e drift 312 0,367 00350 standard - Hy - : e
O &lcuad: 02 0422 02988 47698 09962 FUAD 7.5000 0.2988 yes 1R - Hy - : e
d o it drift G12E 0.721 03723 standard - Hy - e
EBM| C|ecDip  ElecDip 1 1.093 17453 cB4E4kv 09962 = 4200 = 5 0000 =1.7453 . 19 R - Hy - E
d o it drift ED 2838 1.2250 standard - HY - &
Tly|-Dincle  Dipales, 4063 03491 98519 09362 = 200 =1.0000 = 1.3491 yes *19 R E
5 I _sits. dip s 4412 00000 5LITS B— &
Tmy|- Dipole  DipoleB 4412 03491 98519 09362 = 200 =1.0000 = 1.3491 yes *19 R E
d o drif diift DE 4,761 1.2225 standard - Hy - &
EBM| £ |ocDip  ElecDip 2 5984 17453 CB4E4kY 09962 = 4200 = 50000 =1,7453 . “19R - Hy - : E
d o3| drift drift EQ3 7729 0.3643 ztandard - HY - - =
O &|couad: 03 8034 02988 57122 09982 QUAD 7.5000 0.2988 ves 1R - Hy - fit- @ &
d o it drift G134 393 0.0300 standard - Hy - : e
O &lcnuad: 04 B423 04008 +6.6739  0.9962 FUAD 10,0000 0.4018 yes 1R - Hy - fit - @ e
d o it dift Q4FF B82S 03076 standard - Hy - : e
5 MMt FPsits 9132 (0,000 5LITS - - H¥ - &

All “E”-blocks.
Extended

configuration
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MICHIGAN STATE

EMMA aperture and slit Settings R

[

I -
I

%/ Quads & Dipoles settings apertu res

| FILE: G:EMMAEMMA resction. lpp

1 2 3 4 5 [ 7 8 9 10 11 12 13 14 15 16 17 18J 19 20 21 22 23
H  Block name Kind of Start Length DriftHMode BO(kG) Br-corrsp Rapp{cm) L eff{m) Znd Calc Anghgc Slits Emin Xmax Ymin Ymaz |Appert Emin Imax Ymin Ymas:
or Block (m) (m) dngle(” )#* Br-dip*® Him)* Leni{m)#* order Mode mode| shape =lit =lit =lit =lit] |shape limit limit limit lima
1 tuning Dipole 0.ooo 0000 +0.0 = +3.287 0.986Z% 3. 00= 0. 00= - HY rectn ellp=

2. Drift 1 Drift 0.000  0.247  standard — rectn rectn -31 431 =31  +31
3.0 Drift 0.247  0.140 multipole +13.47%5 0.9862 3.50 0.14 yes 1 — rectn ellps -31 +31 -31 431
4. drift Q12 Drift 0.387 0.035 standard — rectn rectn —-67 467 —B7 467
o2 Drift 0,422  0.299  nultipole -8.770 09862 7.50 0.30 yes 1 — rectin ellps -68  +68 68 468
6. drift QZE Drift 0,721  0.372 standard - rectn ellps -68 +68 -68  +68
7. Elechip 1 Eleclip 1.093  1.745  +20.0 *  Gdp 4LV 0. 9862% 5 00= 1.75% - — rectin rectn -62  +62 =200 +200
8. drift ED Drift 2.838  1.225  standard — rectin rectn -102 +102 -46  +46
9. Dipoled Dipole 4063  0.349  -20.0 = +9.862 0.9%8p2% 1.00= 0.35= ves - rectn rectn

10. dip =lit=s Drift 4.412 0,000 5SLITS — rectn -200 +200 -50 450 | |rectn

11. DipoleB Dipole 4,412 0.349  -20.0 = +9.862 0.98p2% 1.00% 0.35= ves - rectn rectn
12 drift DE Drift 4. 761 1.222  standard - rectn rectn -102 +102 -48  +46
13, ElecDip 2 Eleclip 5.984 1.745  +20.0 * 54k 4LV 0. 9862% 5 00% 1.75% - -— rectn rectn -h2  +62 =200 +20(
14 drift EQ3 Drift 7.729 0.365  standard - rectn ellps -68 468 -6  +68
15, 03 Drift 8.094 0.299 inultipole -5.712 0.9862 7.50 0.30 yes 1 — rectn ellps -A8 +68 —-68  +R8
16, drift 034 Drift g 393 01.030  standard — rectn ellps -75% 475 7% 476
17. 04 Drift 8.423  0.402 nultipole +6 880 0.9862 10.00 0.40 yes 1 — rectn ellps -92 +92 92 492
18, drift Q4FF Drift 8,825 0.308  standard — rectn ellpe -7% 475 75 +7%
19, FP =lits Drift 9.132 0.000 SLITS — \ rectn -50  +50  -7% +?5/ l{ectn /

N i N

| symbol "#" after walues denotes, that these values belongs to Dipole settings. where column names are found in the second row of titles, and alsgfharked by "#"

| Column 08: "Br-corrsp" - quadrupole(sextupole) field iz =scaled to this Brho-walue: "Br-dip*" - dipole magnetic rigidity [T#*m]

| Column 09: "Rapp{cm)" - radius{half-aperture) of guadrupole({sextupole) in cm: "Rin)-dip*" - dipole raidus [n]

I Columnn 10; "L effim)" - effective length of quadrupole(sextupole) in m. wich is used for Optical matriz calcualtiuons; "Len(m)#*" — dipole lepfth at ther central azis [n]

I Column 12: "Calc mode" - only for quadrupole(seztupole); 0 — no actions; 1 - recalculate automatically B(field), keep matriz;

! 2 - recalculate automatically the natrizx, keep B{field)

I Column 13: "Anghcc node" - "H(V)" : horizontal{vertical)} angular acceptance will be applied for this block

|

Columns 15-18,20-23: slits and aperture{limit) sizes in [mn]. If slit or aperture{limit) does not have action, then its size value is abs

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”
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MICHIGAN STATE
UNIVERSITY

EMMA optics : “original” quads

« LISE** does not provide information for mass dispersion

» S0, 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**

EMMA_beam__original.lpp Global LISE** matrix with these quad values ~ Note: No Y-focus, large Y/Y value

Elock Given Mame | Start{m Length(m] | BOKG)A~U o
turing DO DO 32207 ~ Glabal matris

dofait Dt o0 D247
O]« o D247 013 | 132014 1% I'-I-EE“M-I I'D-DEE?-I I L I L I L I'D--I?E?EI [rrrn]
% o oawmewemm | o 7 11836 016545 [ 0 | 0 | 0 |058394 Imrad]
LG dift@E 0727 03723 7y I 0 I 0 I 2 0905E I 02765 I 0 I 0 [rir]
[EES|-ciecDip ElecDip1 1093 17453 w502k ' : :
LG dift ED 283 12280 4 P I o I o I'I'I.EEEEEI I 1.47582 I 0 I 0 [rrad]
B |- Dipole  Dipolea 4083 03491 96620
%_smf_ di;slits 4412 0.0000 5L I-D.'IEEE# IE-EEEE'3 I L I L I 1 I 7.90368  [mm]
[Bm%]-vipole  DipoleB 4412 033 96620 2
[a ] Diift DE 4761 12258 D I 0 I 0 I 0 I 0 I 0 I 1 1%l
% bl Ebol  smi 1 A Amm]  Amrad]  Amm]  Amead]  Amm] %]

| drift rift L
O]« 03 B34 02eE | B0 First order matrix elements: R/A
(8 =] it dift 034 8333 00300 100Se (1.8 MeV/u); Settings on 1908e20+..20+- Config: DSSSSSESDSDSESSSSSSMM
%@“ad) o BdEs DA T dp/p=12.75% ; Brho(Tm): 0.9662, 0.9662, 0.9662

Sait  ditos#FP B85 0307 ] : T . : : i T T
B _sis.  FPsits 3132 0.0000 — Y/P giob

12 XIT should be

equal to zero

R/A (mm/mrad)
o
\
\
\
\
\
\
\
\
\
!
\
\
\
\
|
\
\
\
\
\
\
|
\
\

. 0 i 2 3 4 5 6 7 8 a
OT, 11/18/15, East Lansing Length [m] 6




MICHIGAN STATE

EMMA optics : modification AR

« 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
Block. [ GivenName [ Stanim) [ Lengthim) [ BOKGMU |
w turing oo noon +32207
[8 o] it Diiit1 0000 02470
[2 0] <ouats o1 0247 01395 | +13.2014
|8 =] i dift 012 0387 00380
[00]<quae> 02 0422 02988 2.8065
(2 =] it dift [2E 0721 03723
[Em|-flecip Elechip1 1093 17453 S0k
[ =] it it ED 283 12250
[BM]-Dipole  Dipoless 4083 oM@ 6620
ﬂ _slits_ dip slits 4412 0.0000
E =Dipole  DipoleB 4412 0.3491 -4.EEZ0
[ ] it Dt DE 4761 12295
EmS|-Eechip Eecopz  Bsse 17453 d4s0Zkv
[ ] i it EQ3 7729 03643 - o
2 ¢|cust> 03 803 0zE | S0 Optics fit
[ =] ai it 034 8393 00300 S A\ < \\\N
2 ¢|custr 04 8423 04018 7754 \\
[Aa]st @0 ess 037 Blocksz with parametels o wary Active Constraint blocks
B It PPl 9132 noom
#01-q Position@007. 02 @ @0z R3d=0  F_Di
#02-q Pozition@3. 03 #02 @023 RIE=0 F_A1
#03-q Position@021: 04 HOZ @025 FR34=0  F_R34
404 @026 R12=0 F_R12
EMMA_beam.lpp #05 @027 R11=-208 F_R11
goe @028 A3IZF=1.32 F_R33
| Given Mame [ Starfm) | Lengthim] | BO(GIAU |
ring DO0 00001 +2.2207
drift Dot 1 0.000 0.2470

<Quad> 01 0.247 01335 +13.2014
dhift drift Q12 0.297 0.0350
<Ouad> 02 0422 0.2588

it dift 328 07l oA — Global matrix

ElecDip ElecDipl 1083 17453 *4502Kv

4t 4MED  2m@ 1220 |-207981 |-0073 | o | 0 | 0O [-0.22594 [mm]
=Dipole  Dipole 4063 03491 25620 I S I R I - I - I - I i (mad]
Fit F_Dipy 4412 000m L 0. L e
it F_Dig 4412 00000 Global LISE**

slits. dipshs 4412 00000 matrix W|th new I 0 I 0 I 135247 |-1.1D3e-3 I 0 I 0 [m]
=Dipole  DipoleB 4412 03491 96620 I i] I i I o 96657 I 07393 I i I i [mrad]

it Dt DE 4761 12095 q uad Val ues

=ElecDip  ElecDip 2 5,984 1.7453 *450.2kY

[-012657 |6385e3 | O | 0 | 1 | 790368 [mm]
it orift EQ3 7729 0.3643 o
<Quads 03 g3 023 | 5Eem I 0 I 0 I o I o I 0 I 1 (%]

dit drift @34 8393 00000 @
Quad> 04 8423 04018 +6 7405 /Imm] /Imrad] /lmem] Almrad] Amm] %]

SO 7

iRERENE S ¥ HE MR ERE




MICHIGAN STATE
UNIVERSITY

EMMA 15t order matrixelements F

—a
 J
—r —r

Will be zoomed on the next page

First order matrix elements
100Se (1.8 MeV/u); Settings on 100520+ 20+: Config: DSSSSSESDFFSDSESSSSSFFFFFR,..
dp/p=12.75% ; Brho(Tm): 0.9662, 0.9662, 0.9662

al charge states separ.
sum of reach:ns

& E
[ E E 12|
< 2
8 .
[
4 .
0
0 1 2 3 4 5 6 7T 8 9
Length [m]
AID
8 s
5 s
--5 = 21
g g
£ E 0 i=
& =) 5l
b <
_4 s
5|
_3 .
.Length [m] Length [m] Length [m] /
Zero angular dIS ersion
9 P Almost zero

angular dispersion
OT, 11/18/15, East Lansing 8



MICHIGAN STATE
UNIVERSITY

H O
R b

EMMA 1*t order matrix elementss(Zoon) -

sum of reactions

- - - - - - - YT gob - - - - - - - XID glob
RIA — —Y/P glob R/D — —Y/D glob

—

M
[~
o

o
o

—i
(82}

o
~

R/D (mm/%)
o o

R/A (mm/mrad)
o

3 4 5

Length [m]

vertical focus

FP — double focus, double achromatic

OT, 11/18/15, East Lansing



MICHIGAN E

Angular Acceptance LI

See details for anqular acceptance with the next link http:/lise.nscl.msu.edu/9 8/SE blocks.pdf#page=5

EMMA_beam_AA.Ipp

Settings Coming to the FP

— Emittance Inltlal em|ttance gated on the

| Beam CARD 10 - shape .
? [sigma, semi-axis. [Digtribution fin al fO c aI p I ane
half-width...] method]

1.5 mm I 1} IGaussian

) 100¢ : Monte Carlo Transmission Plot
Beam dialog 2T mad| 100

100Se (1.8 MeV/u) + ; Transmitted Fragment 1095620+ 20+ (beam); Optics Order: 1
dp/pe25.49% ; Brho(Tm): 0.9662, 0.9662, 0.%62
AngAccegt Off, Bownds: ON; "FP slits” - st block for MC calc; Gele 1: "AND" (dP/P [%]); Config: DSSSSSESDSDSESSSSSSh

I Rectangle uniform

Y mm I 1] I Gaussian
4 P mrad I 100 IHectangIe unifarm
5L mm I a IGaussian
D % I a IGaussian

LedLeLedledLefLe]

5
8
| [ E
' =
Angular Acceptance & Bounds £
™ Use fived angular acceptances I
Monte Carlo - .
K = |Jze phyzical limits [aperture]_|n_3|de blocks I}
OptlonS to calculate fragment transmission 2
Far block apertures LISE++ uses the slit limits IF;
accessible from the Elock Cut & Acceptance -'6
dialog. [Pay attention there for the checkbox 4
o L
Monte Carlo Transmission settings
100
SRR o oot versmisen L =5 W e w0 0 0 W 0 0
i What isotope transmission to calculate? =1 —ecood after "Snipper": x'(Theﬂ} [mrad]
1+ (ne fragment of interest. Chose marually here e BLOCK e BLOCK seel =
- i Stripper j :/S ISmpper j ?(S 4 {a} Setlings | f B

mrad <—> degrees

‘s Group of Isotopes already calculated [ UaND" [-100,100]

by the: Distribution method [Mealc = 0] (D—ﬁnj 1w mri o vertical
L ) &) rrad =) mrad <% [mm]> after CHARGE st .
a2 nonc - = S Angular acceptance is equal to e T

TR d ey P d

‘Ennﬁilt‘lltels?[suyr':{z[fgmsin file: ga —nofie - - 2'6 H:la o | igo X i 60 mrad, that DEGREES 5157 3.438
Rl 1 e Rl T - corresponds to 17 msr (ellipse)

X Cancel
OT, 11/18/15, East Lansing
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MICHIGAN STATE
UNIVERSITY

Angular Acceptance & Results

EMMA_beam_AA.Ipp

—ANGULAR ACCEPTAMCE ——

—Shape ————
2]
™ Rectangle *

* Ellipze

Horizontal + 90 rmrad

Wertical + G0 rrad

Solid anglel 1696  mar

I—I

OT, 11/18/15, East Lansing Length [m] ﬂ



Angular Acceptances transSmissioNuENCAMEARKS

“Distribution” method
With set Angular Acceptances

— Emittance
- Beam CARD 1D - shape
H [sigma, semi-axis, [Distribution
half-width...) methad)
1.5 mm I 0 IHectangIe uniform LI
2T rmrad | 0 |Gaussian ;I
3% mm | 0 Rectangle unifarm ;I
4 P mrad I B0 Gaussian LI
5L mm I a IGaussian LI
BD % I 1] IGaussian ;I
1005 Unknown (Z=34, H=66)
Q1 (tuning) 20
Q2 (ElecDip 1) 20
Q3 (Dipoled) 20
04 (DipoleB) 20
05 (ElecDip 2) 20
Reaction BEAM

© thls reaction .e3e+10
Total: A1l reactions (pE=) 1.63e+10
X-Bection in target (mb) beam
Target (%) 100
2 (Charge) ratio (%) 100
tuning (%) 52.02
¥ angular transmission (%) 82.61
¥ angular transmission (%) 62 .98

OT, 11/18/15, East Lansing

after "Stripper": Y'(Phi) [mrad]

“Monte Carlo ” method
With set Angular Acceptances
No bounds

— Angular Acceptance & Bounds
W Usze fived angular acceptances

r Ilze phypsical limits [aperture] inzide blocks
to calculate fragment transmizsion

For block apertures LISE ++ uzes the it limits
acceszzible from the Block Cut & Acceptance
dialog. [Fap attention there for the checkbox

“Monte Carlo ” method
No Angular Acceptances
WITH bounds

—Angular Acceptance & Bounds

[ ilse fized angular acceptances

v |Jze physzical limits [aperture) inzide block s
to calculate fragment bransmizsion

For block apertures LISE++ uges the glit limitz
acceszible from the Block Cut & Acceptance
dialog. [Pay attention there for the checkboy

" of N of 1005e : Monte Carle Transmission Plot
# Ion Passed Initial Transmission 1005 1.8 Mev/ + s T itted F £ 1002
ALL 86579 130560 51.00% dpfp:2é ég% ? BzintTm;' Orzzzzl Oegﬁéza [#] ;662 )
. H HI R , 0. , 0.
0 1005s 167370 327880 51.08% (+/-0.12% Angheocept: Off; Bounds: ON; "FP =lits" - last
H of H of
Target 100.0% # Ion Passed Initial Transmissior
‘ ‘ A1l 85045 153693 55.33%
toning 51.00% 0 1005e 84995 153600 55.34%  (+/-§.1
Angular acceptance S51.00%
100 SuM SO
6.658e+04 100 8500e+04
CPU speed. CPUsspeed
9.51e+03 pps 0002400 pps.
Rate (pps) - Rate (pps)
60 1.584e+10 T 1729e+10
Beam' 132405 ® 60 Beam 166405
&
.‘E‘
20 o
T
3
o
2 2 2
&
&
60 ® 60
-100 -100
-160 -120 -80 -40 0 40 80 120 10 -180 -120 -80 -40 0 40 80 120 160

after "Stripper": X'(Theta) [mrad]

after "Stripper": X'(Theta) [mrad]
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MICHIG
UNIY

AN 5
Momentum ACCEpPtance e

100Ge : MC Transmission Plot - Envelope (all)
100Se (1.8 MeV/u) + ; Transmitted Fragment 1005g20+.20+ (beam), Optics Order: 1
dp/p=25.49% : Brho(Tm): 0.9662, 0.9662, 0.9662
AngAccept: Off; Bounds: ON; "FP slits” - last block for MC cale; no gates; Config- DSSSSSESDSDSESSSSSSMM

— Emittance
?_l [sigBrﬁ:,mSEri?ani
half-width...]
1.5 mm ITI
2. T rmrad ITI
3 mm ITI
4 P mrad ITI
5L mm ITI
8D %2 [ a |

0 1 2 3 4 5 6 7 8 9

Momentum acceptance is hengtnml

defined by the ED1 gap 100Se : Monte Carlo Transmission Plot

after "FP slits": dP/P [%]: window projection — 100Se (1.8 Me\V/u) + ; Transmitted Fragment 1005g20+.20+ (beam); Optics Order: 1
dp/p=25.49% ; Brho(Tm): 0.9662, 0.9662, 0.9662

AngAccept: Off; Bounds: ON; "FP slits” - last block for MC calc; no gates; Config: D ESDSDSES MM
320 |
Corresponds to the
Dipole X-aperture 280 |
+ 115 mm
240 }
200 |

APIP=+73%

(AE/E = + 14.6 %) \

5 statistics
100Se Monte Carlo TransmissI
after "FP slits" dE-FP [%] window pro ——— 1005es (1.8 MeV-u) + H Transmitted Fragment 100Se20+. 20+ (besan): Optics Order: 1
S dp-p=25 . 49% . Brho(Tm): 0.9662, 0 89662, O 9662
80 } \Angiccept: Off: Bounds: OH: "FP =slits" — last block alc: no gates; Config: DSSSSSESDSDSESSSSSSHH
Plot 1
Ho distribution | E-mean I H-TAX | vomax | devlatlclnl FUHH area |SumOfCount=s| LeftPsigmal|RightPsigma|
40 01 | =2.5390e-01 | —1.0852=+00 | 2.360e+02 | 4 DSSE+00I 1. 456e+01 IZ S5624=+03 | 4.143=+04 | 5. 482e+00 | 6. 887e+00 |
P
o
-14 -10 -6 -2 2 ] 10
. 00 " TP 0/ 1- i - N
OT, 11/18/15, East Lansing MAEMMA beam MA lop after "FP slits": dP/P [%]: window projection 13



EMMA acceptances benchimeark

MICHIGAN STATE
UNIVERSITY

1 1S Iy
— Emittance . ) -
i| Beam CARD eciepD Note: Horizontal slits has to be applied
1 ldamasemiats,  DRgbun for the “Distribution” method to limit
: : - momentum acceptance which happens
Emittance corresponding 1% mn [ [Bausion = P PP
27 mad[ 80 [Gams B due to apertures.
to the acceptances |
p 3 mm I 1 G auzzian j
4 P rmrad I =] G auzzian j
5L mm I i] IGaussian ;I
BD % | 73 [Gaussan =l

“Distribution” method
With set Angular Acceptances
and H.slits in MD +/- 130 mm

- - — Te— |

“Monte Carlo ” method; No Angular Acceptances; WITH bounds

100Se : MC Transmission Plot - Envelope (only passed)
100Se (1.8 MeV/u) + : Transmitted Fragment 1005g20+.20+ (beam); Optics Order: 1

| dp/p=16.57% : Brho(Tm): 0.9662, 0.9662, 0.9662
100Se Unknown (Z=34, N=66)

|§| statistics: 1005e

- —

AngAccept: Off; Bounds: ON; "FP slits” - last block for MC calc; Gate 1: "AND" (dP/P [%]); Config: DSSSSSESDSDSESSSSSSH
SuM
i 160 1903404
Q1 (tuning) 20 CPg;F::ed
Q2 (ElecDip 1) 20
Q3 (Dipolek) 20 120 o o
Q4 (DipoleB) 20 oy Transmission 27.2% Beam 7.0e+04
Q5 (ElecDip 2) 20
Reaction BEAM 30
— P —— F— P— ——
Total ion transmission (%) 25.187
Total: this reaction (pps) T.87e+5 40
Total: All reactions (pps) 7.87e+8
¥-S5ection in target (k) beam E'
Target (%) 100 g 0
Q (Charge) ratio (%) 100 =
tuning (%) 39.68 _40
X angular transmission (%) £3.01
Y angular transmission (%) 62.98
Drift 1 (%) 100 -80
o1 (%) 100 . ;:
drift Q12 (%) 100 B o
02 (%) 100 -120
drift Q2 (%) 100
ElecDip 1 . . 150
arirt 0 H.Slits in MD +/- 130 mm
dip slits (%) 63.47 | 200
— T —— 0 1 2 3 4 5 6 7 8 9
Y space transmission (%) 100 Length [m]

OT, 11/18/15, East Lansing 14



Benchmarkswith inputrays

Monte Carlo calcu Input ions rays from file emitted from target ﬁ

. .o = P W,
—wihat izotope transmission to calculate? #-coordin LETTE | e |
: Bfter _
" One fragment of interest. Choze manually here _ | Imasses diftangles.tt
I Stripper
+ Mumber of row
- Group of leotopes already calculated Dae S _—
by the Distribution method [Meals =1] o | |
~ List of izotopes from file  pE —no file - I
to produce inzide target = | o OK | X Cancel | P Hep |
- - CoY P |
Input ions ras friom fle |© e i et il [phete
{+ emitted from target P Tmasses dif Yangles™21;  dpip | Thelsolope it e s nASC fomat.
PRI Eomment St”ng beg|n Wlth "|" wan
r' Fadia I The Columnz can be separated by a Space, a Comma or
5 a Tabulation. Uzer can put comments also at the end of I
|- Chose fragment of interest |  hmala data fine
Al least 13 columns should Be in the specified order. I
|| Three first columng: "2, "W, "g", where Z iz atomic
In Order to reprOduce NIMA pIOtS’ number, M iz number of neutrans, q iz ionic charge |
input rays files has been created | e s e, 0,86 ¥, avra . &,
. + . "d" means Sthev. Set 0if pou do not want to use it.
to use |n the LISE MC dlalog I w0 i mm, =" inmrad, E in MelAu I
Twa addiohal columng can be uzed for time [tdt) in ns

z N q X (mm) dx X' (mrad) dx' ¥ (mm) dy ¥' (mrad) dy' E,MeVu dE

50 46 20 0 0 0 1 0 i) -34 0.1 1.87555 0

50 a7 20 0 0 o 1 0 0 -34 0.1 1.85606 0

50 43 20 0 i} o 1 0 ] -34 0.1 1.83701 0

50 49 20 0 0 0 1 0 i) -34 0.1 1.81829 0

50 50 20 o i} o 1 0 ] -34 0.1 1.8 o

50 51 20 0 i} o 1 0 ] -34 0.1 1.782 0

50 52 20 0 0 0 1 0 ) -34 0.1 1.76443 0

50 33 20 o i} o 1 0 ] -34 0.1 1.74714 o

50 54 20 0 ) 0 1 0 ) -34 0.1 1.73022 0

50 46 20 0 0 0 1 0 ) o 0.1 1.87555 0

50 47 20 o i} o 1 0 o o 0.1 1.85606 o

50 43 20 0 ) 0 1 0 ) o 0.1 1.83701 0 H
50 49 20 0 0 0 1 0 ) o 0.1 1.81829 4] M C O ptl O n S
50 50 20 o i} o 1 0 o o 0.1 1.8 o

50 51 20 0 ) 0 1 0 ) o 0.1 1.782 0

50 52 20 0 0 0 1 0 0 o 0.1 1.76443 0

50 53 20 0 0 0 1 0 0 0 0.1 | 174714 0 . " . . "

0 o= 20 o o 0 1 o o o o1 | im0z o Optionz for the “lnput file of ion raps' mode
50 46 20 0 0 0 1 0 o 34 0.1 1.87555 0

50 a7 20 0 i 0 1 0 i 34 0.1 185606 0 IF Recycle input reading file

50 43 20 0 0 0 1 0 i) 34 0.1 1.83701 0

50 0 0 0 0 EL] 01 181829 0 ¥ Use standard deviations from the file
* 9 dfufferent masses @ Ep-18 MV J u o1 | e 0

50 wsth Y-zangles ofu 2,0, u+2 degrees (a& @ NJMAoElgl%)aa 0

50 20 0.1 1.74714 0
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NIM A544 (2005) 565 LISE**

Focal Plane

Q4
Q3

ELECTRIC
SECTOR

MAGNETIC
SECTOR

ELECTRIC
SECTOR

| 1

/ | . ‘ | )

N / | Q2 | | : |
[ ] Q1 \ S »
Target ~—

o o
— -

120
80
40

-40
-80
120

Y range: + 10 cm Xrange: + 10 cm R 8 & , e 8 R
. . . Y Imml X [mm]

Fig. 2. Calculated mass focus of EMMA, showing rays corresponding to q

9 adjacent masses emitted from the target with vertical angles of —2°, 0°, and 2°. n st

At the focal plane, the 9 masses are seen to be dispersed horizontally and 2 0 rd er 1 0] rd er
focussed vertically. Angular focussing in the horizontal direction is shown i Fig. 4.
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Fig.3 : Benchmarks for Y=angle & Energy

MICHIGAN STATE
UNIVERSITY

[

NIM A544 (2005) 565

Focal Plane

Q4

Q3

ELECTRIC
SECTOR

MAGNETIC
SECTOR

ELECTRIC
SECTOR

Q2

Q1

Y range: £ 10 cm
Fig. 3. Calculated energy focus of EMMA, showing rays corresponding to a single
mass emitted from the target with vertical angles of —2°, 0°, and 2°, and with energies
deviating from the central value by 0, £7.5%, and £15%. Chromatic aberrations in
the vertical direction are evident in the vertical extent of the final focus.
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Xrange: £ 15 cm
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O Fig.3 & Benchmarks forsY=angle' & ENergyA(Contintie) it

NSCL 1S EP"
NIM A544 (2005) 565 LISE
Focal Plane
140
. | 15t order =
= 100 o S
A

| 'l\
ELECTRIC i\
SECTOR \
/ \ E
/ E
! —_
[ | \ >
\
{ \
MAGNETIC | = L
SECTOR / / -100 k "'\-'.}L o

/ -140
/ 05 15 25 35 4.5 55 6.5 75 85

\
\ | / 180
‘,"
ELECTRIC \[/ 140
SECTOR

o This difference in X- =
Qt distributions @ FP T 2
Target . E
may be explained by | = %
¥ the lack of electrical .
dipole second order oo
LISE** computing
o -140
OT, 11/18/15, East Lansing (See neXt Sllde) ° ! ? : ‘ Length [r115] ° ! e f8




MICHIGAN STATE

Benchmarks for: Y=angle & ENergy(Continuies?) PLIMALERLY

LISE* This difference in X- COSY map of the 15t FMA ED

dIStrIbUtlonS @ FP may be Elock: "ElecDip 1" Hatrice=s: "LOCAL"

explained by the lack of . TRANSFORN 1 =
2nd Order p 1 y ~ 10 +8.8066e—01 +1.32403e+00
electrical dipole second g~ 3 B} &t e

] 0
4 1 i
L . \ 1 g 0 +1.0000e+00  +1.3963e+00
order LISE** computing *ﬁ\%\\\ 0 1 000e0s
6 [DTS 0 il 0 0

transport format [mm-mrad]

+4 7736e+00
+6_ 6983=+00
0
il
.0000e+00  -1.1195e+00
+1.0000e+00

=T
oRoooo

1 1: -7.0421e-05
1 2: +5.7684e-04 +2.0555=-04
1 3: 1] 1]
1 4: 1] 1]
1 5: a o
1 6 +5.6337e-03 +3.7316e-03 —6.495%=-02
2 1: -1.9280e-05
2 2: —2.7437e-05 -3.4838=-04
2 3: 1] 1] 1]
2 4: 1] 1] 1] —3.3507=-04
2 5: a o o o 1]
2 6 +4.88%1e-03 +1.0975=-03 1] 0 1] -9.7813e-02
3 1: 1]
3 2: o o
3 3: 1] 1] 1]
3 4: +6.7013=—-04 +4.7758=-04 1] 0
3 5: 1] 1] 1] 0 1]
3 6 1] 1] 1] +1.1200e-03 1] 1]
4 1: 1]
4 2: a o
4 3: 1] 1] 1]
4 4: 1] 1] 1] 0
0 P60 ; ; b 0 0
0 L 2 } 4 ) b 1 s ’ Il = 1 ~1.5074e-04
Length [m] 5 2:  -3.3419e-04 -8.0337e-04
I g 3 g g g —tf/4213e-04
I g g; +g.35558—03 —g.4913e—04 g 1] g +1.5452eq02
After the drift 1.2 m v
A Xq = (t/d) * Ad = 4.77mm/% * 7.5% = 35 mm
For Ad =+ 7.5%
AX=AXig+ AXygqg + (Atyy +Atyyy) *L=+485.1 mm A Xpqq = (X/d/d) * Ad * Ad =
¢ - -6.5e-2 mm/%/% * 7.5% * 7.5% = -3.7 mm
For Ad =-7.5% <
— * - _
AX=AXyg+ AXogg + (Alyg +Alyye) "L =-105.7mm Aty = (t/d) * Ad = 6.7mrad/% * 7.5% = 50.3 mrad
- . e _ _
Il Electric dipole x/d? & t/d? values are very important for A tyyq = (Vd/d) * Ad * Ad =
the analyzer and should calculated by LSE** in future -9.8e-2 mrad/%/% * 7.5% * 7.5% = -5.5 mrad
19
4 T8 E _Eactlansing
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UNIYERSITY

1y 1 o I

NIM A544 (2005) 565 LISE**

Focal Plane
[ c s »
I Q4 ‘ .-""l v ::‘I‘ﬂt L.ﬁ
@ | A -
4y ' N ®
N
it i
“\"L I! {
ELECTRIC § | £ . .
SECTOR 4 {
MAGNETIC s
SECTOR
ill
i i © ©
£ TERE
3 f | 4
ELECTRIC D- {4 § .
SECTOR I ‘ 'c{r o
/ / } Y
: A
+ ,‘-ﬂ :’i‘ | ‘-"‘ \l - -
| @ o
f Q1 i *v li-
Target 4 . A
Y range: + 10 cm X range: + 10 cm = ° ° “ g = g & & 8 8
Y[mm] x[mm]

Fig. 4. Calculated spatial focus of EMMA, showing rays corresponding to a single mass

emitted from the target with angles of 0, £1.5°, and £3° in the vertical and horizontal directions. 2nd Order an Order
The dominant geometric aberration in the dispersive direction, proportional to

the square of the horizontal angle, s evident in the horizontal extent of the final focus.
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Fi1g.5 : Benchmarks for: Masseswithilarge enmttance ()

NIM A544 (2005) 565 LISE** 15t order
4 ; after "FP slits": X Imm: window orolection B “ - - - E
2 & & & £ 3
16 El
41 — +1d |
; .
1 | | :
§ 4 oL _
> ;
11 — -10 h
12 |
X (cm) | [ w
R IR R NTRNN N NN TR BT B L 'fﬂlo - - +‘}ﬂo

Fig. 5. Calculated M/q spectrum of EMMA centred about mass 100, showing
7 adjacent masses from 97 to 103 emitted from the target with uniform angular spreads
of £3° in the horizontal and vertical directions, and a uniform energy distribution of £10%.
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UNIYERSITY

Fi1g.5 : Benchmarks for: Masseswithilarge enttancey2)

» 2nd order
NIM A544 (2005) 565 LISE
4 2 nia - szmr"FPﬂhs":Xn'm:]: Mndowproje:ﬂnlfa N § g g é E E E E E 2 § g
| i 16
12
1 1 1 +1
Tt .
i L 4l i i
> 4 3.
~ - i
§ - 0L 4 £,
N :
1L 1 .3 §
- 1 - -1
-12
X (cm) | o |
-40 +40
[ R T T | [ 2 N - = 0 = o

after "FP slits": X [mm]

Fig. 5. Calculated M/q spectrum of EMMA centred about mass 100, showing

7 adjacent masses from 97 to 103 emitted from the target with uniform angular spreads
of £3° in the horizontal and vertical directions, and a uniform energy distribution of £10%.
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MICHIGAN STATE

Charge state Selection EEE

FP slits-Xspace: output after slits
100Zn (1.8 MeV/u) + H (1e-4 mg/cm?); Settings on 100Zn16+..16+: Config: DSSSSSESDFFSDSESSSSSFFFFFF.
dp/p=100.00% ; Brho(Tm): 0.9662, 0.9662, 0.9662

[Plrojectile 100730+
1.8 MeViu 100 end
[Elragment  100zp16+.46+ _ 1.1e+9 107 n[beam] 21+ 21+ 21+ 2+ 2i0

1007n[beam] 20+ 20+ 20- 20- 20+
T®| Target H
e 0.0001 roicm?

@ Stripper 9e+8

7e+8

1007n[beam] 19+ 18+ 19+ 19+ 13+

Very thin target for charge
state simulation with
“virtual” A=100 beam

5e+8

Yield (pps/mm)

3e+8

Analytical solution

1e+8

180 |

140 |/

100 |

60 K

20 |

X [mm]

-60 |

-100 |

-140 |/

180 Monte Carlo solution
-220 H

0 1 2 3 a 5 6 7 3 3
OT, 11/18/15, East Lansing Length [m] 23




[Blrojectile 100520+
1.8 MeViu 100 enA
[Flragment  1005e200.20¢ _y. .

OT, 11/18/15, East Lansin

X [mm]

-160 |

LISE** MC

Length [m]

Y [mm]

-80

3 4 5 6 7 8 9
Length [m]

Y (mm)

120 ¢

120}

60

40F

A0

B0 F

MICHIGAN STATE
UNIVERSITY

LISE** analytical

X space
-',¥/J "'
?*'*"’ 3 _m&gn_ E ‘H""-u-.-r. I
- -~
. S
==
0 1 2 3 4 &5 6 71 = a
Length [m]
RS . -
e !R‘l
i ¥
"f - - \‘\
’ P
/H“\ ¥
3 ip:
\ L~ N
- =

Length [m]



Envelopes : LISEX MC' & analytical solutions— X&' & Y2

MICHIGAN STATE
UNIVERSITY

[

[Blrojectile 100520+
1.8 MeViu 100 enA
[Flragment  1005e200.20¢ _y. .

(18] Tooe |
IE Stipper

Beam CARD 10- sha_pe
P | (sigma, semiasis,  (Distrbution
halwidth..)

OT, 11/18/15, East Lansir

X'(Theta) [mrad]

Y'(Phi) [mrad]

300

200

-200

-300

LISE** MC

Length [m]

3 4 3
Length [m]

e

Y!

e (=]
(=1 [=]

]
=

X-Angle (mrad)

200

160 |
120

Y-Angle {mrad)

120}
<160 |

—

LISE** analytical

LS _IAEs

x'angular | s
..I.'.I L - 'I* """ -
I*\
p—- \ -
N I “
=k
0 1 2 3 4 5 6 1 = o
Length [m]
'y'angular = -
i
| "
e - Pt coooo IEr ) S Joooocodoos H.-AI .
48 | 1o
0 Y
J

Length [m]



MICHIGAN STATE

Reaction  d(2Sn;,p)LESn i

[Plrojectile 132550+
6 MeViu 100 end
EMMA _reaction_NoGold.lpp [Flragment  133§p37+.37+

Without gold degrader Target H2C

0.1 mgicm2
Sra] suoeer

Target

F

LISE** settings —
HzC Densilyl 0.7987 a/cm3 [t - Dimenzion—

¥ Salid & mg/cm? &

W Usze in Q-state

calculations " Gas  glem2 b n
| £ Element Mazs Stoich
i — Thicknesz at 0 degrees
11 H PT | 2 2
| ! ! ! ! | 1.2520346  micron
[ FT
I Ml& |C [ [ 1zom |1 & E -
— =
Beam
Beam
o o o P —— Production mechanism
IE W W Energy (% B Meldu il [Sigﬁgﬁsif‘ii& [B?St‘[i?:l?i%en
ER TE O [ 79AE Mev EEC NG 000 maaaeeee—
| z Btha | 0831755 Tm 1R mm |1 IHeclangIeunilorm | F TWI:I EI:IIj_'rl HEEI:I:'I:IHE‘_‘ IF
lw p [ 1396EEE | Gevie 27 mad[ 2 IHec[angIe wiforn | HieteseserssmresasasesTensnsnsnsasnnnsnsnsamnnnns ;
/: Tﬁbg;{ u [ 15827 Ky Y mm : 1 Rectangle uritorm ﬂ
uclides = 4 P mrad 2 Rectangle unitarm h .o
N I Be(a:nu- I 5L om [0 [Gawen | IE - [ < 18aMeV] G.Schivietz, P.Grande, MIM B175-177 (2001112513 j
a IN = * © 2 -
= (‘If - ED % I 0.035 IGausslan ;I
v Ok [ 7210 ppe N Energy Lozzes I'I - [H -baze]J.F Ziegler et al, Pergamon Press, MY [low energy) ;I
XK Cancel S TE R T

OT, 11/18/15, East Lansing 26



@  Reaction d(*92Sn,p)=>°Sn & fragment diStrutions _—

20 13380
<E>=767 MeV
=7 Q =_4l_+ and energy 782 MeV
2 are indicated in NIMA paper
i
2 50
=
2
>
30
10
740 750 760 770 780 7an —_
Eneray (MeV) 133Sn after Target (H2C): Fragment energy =3.8
123 (6.0 MeV/u) + H2C (1e-1 mg/em?)
1325 (6.0 MeV/u) + H2C (1e-1 mg/cm?) Calculations for 12gn 37 37+ 37 37+ 57* - Naterial H2C
1e+13F " ¥ - i i i . E le#4 i ' —1Lemn
" -3 —28h
Te+12 ’323“[@&"111‘6%?"’“ 31 ﬁ:ﬁf]* ii:a;z';: 3+ 36+ E v
12n[beam] 42- 42 e 42 22Sn[tham] 35+ 38+ 35 35 35 1e+3k 3
le+11[ 25nibeam] - -fe- o 4o+ csatfbom] 334 5 55 ] €
1325n[beam] 4+ 44:fjus 4t 44+
1e+10k 1225 nfffeam] 33+ 33- 33+ 33+ 33+ E
— 1325n[beam] 46+ 45qjEe {3+ 451
E 1e+9 [ 1228 nheam] 32+ 32+ 32+ 32+ 2+ ] 2k
= HQSI'I['JBE!’TI] 46+ 454146+ pb+ 4y
3 1e+8E 132Gflbeam] 3%+ 31+ 31+ 31+ 31+ ] 38+ 40+
Q_ 1]25n[heam] AT+ ATH4T+47+ 4
5 Te+7E 1325¢{[beam] 30+ 30+ 20+ 30- 30+ E - fes1f 3
o fe+B| | 2
>= =
le+5L 3 c le+lE 9
9
le+d | E -
%)
Te+3 | s 3 E fe-1k 4
Te+2 E
0.9 1 15 16 ek ]
o 1e-3F 3
Please, Compare with Sy ]
Fig.6 NIMA paper — Al ] ledp a
L = | 2 2 36 ) 44 48
mr 2 N ] Charge state (Q4)
OT, 11/18/15, East Lansing ¥ e 27



MICHIGAN STATE

L . UNIVYERSITY
Reaction d(1328n,p)1338n (withigold'degrader) - o
—r R L) FCa
[Blrojectile  132§n50+ : Brh
& MeViu 100 enA STIEL 09262 T
t  133gp3t+.31+ _ tandard
EMMA_reaction.lpp Eragmen . oC drift DE 51:.’2“2 ?n'
With degrader Target 0.1 micm2 IE BlecDip 2 E 42:;3 :r;m
r@ e e Er_ 21.86 MiC

are indicated in NIMA paper

1335 distributions after the gold degrader

. . . um nt roa finn. — 1-Le0n
22 i <E >=332I7 MeV 1338 3+ 31+ 31 s H+ 1e+37
q=31+ n ke fesol
18] 133G Pl 30+ 30ar28 le+1}
- 1e+0t
2 A
R et
2 14 =
@ 5 1e-2¢
o =
—— 0 1e'3 3
T 10| ®
;L-’ w ledt
1e-5¢
6 R
1e-6
1e-7
el 2 250 280 281 s \___: 1e-8F
305 315 325 335 345 3% 16 20 24 o8 2 6 an

oT, , ) Energy (MeV) Charge state (Q+) 28



E
v

“Distribution” method FP slits-Xspace: output after slits

(analytical solution)

all charge states separ.
£ 4

r — -  ——— - -
E‘ statistics: 1335n e 1e+1 0 [ B
133%n Beta- decay (Z=50, N=83) Tin 1e+9 % ‘325n[beam] 30+ 30+ 30+ 30+ 30+ IBZSn[beam] 31+ 31+ 31+ 31+ 31+ 1328n[beam] 32+ 32+ 32+ 32+ 32+]
+8[ ]
All reactions total isotope rate% rps _— 1e 8 3
and Overall isotope transmissionf 59.472 3z E 1e+7 [ ]
Q1 (tuning) 32 31 30 ...E_ E
Q2 (ElecDip 1) 32 31 30 (7] 1e+6 E E
Q3 (Dipoled) 32 31 30 Q. §
04 (DipoleB) 32 31 30 [« 1 1e+5 E =
@5 (ElecDip 2) 32 31 30 - F
Reaction TwoBody  TwoBody  TwoBody =] 1e+4 3 E
Ion Production Rate (pps) 6.19e+2 6.65e+2 5.26e+2 —_— E
Total ion transmission (%) 20.336 21.853 17.282 .9 1e+3E 1320k 30+ 30+ 34+ 30+ 30+ 132G p1+ 31+ 31+ 31+ 31+ 132G 3p+ 32+ 32+ bo+ 32+ 4
Total: this reaction (pps) 1.81e+3 1.81e+3 1.81le+3 >- F 1333 30+ 30+3P+ 30+ 20+ 133Sn 31+ 31+ gll [ 314534+ 133Sn 32+ 32+l§2 3 +
X-Section in target (k) 2.16e+1 2.16e+1 2.16e+1 1e+2 ; n a
Target (%) 100 100 100 E
Unreacted in material (%) 100 100 100 1e+1 [ ]
Unstopped in material (%) 100 100 100 §
Stripper (%) 20.34 21.85 17.28 -
Unreacted in material (%) 100 100 100 1e+0 E E
Q (Charge) ratio (%) 20.34 21.85 17.28 F
Unstopped in material (%) 100 100 100 50 30 10 10 30 [a)
X (mm)
160 Isotope Group : MC Yield Plot - Envelope (all + gates for passed)

M O n te ( :ar | O m et h O d 132501 (8,0 NeVi) + H2C (1e-1 mglem?) Au (17 mglen?); Transmited Fragment "3380°1+31+ (ProF rag); Opfics Order: 1
dpip=31.89% ; Brho(Tm): 0.8862, 0.5862, 0.9852

100

120

80

80

4

]
]

[}
T
after ""FP slits": X'(Theta) [mrad]

X [mm]

50

420
460 after "FP slits": X [mm]
oT, l'§918/15,'@ast Lah@ng 20 0 2 40 60 an mu T 2 3 n 3 s T T — [:1] 29
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Counts / 0.286 mm

Counts / 0.286 mm

[ —o— 80 Recoils
= 132Sn Beam

107 1 K
7 |Angular Acceptance: = 3" by = 3°| 7

100 1~ —o Psn Recoils
8 = 132Sn Beam

6 Angular Acceptance: £2° by +£3°

Focal Plane Position (mm)

10

MICHIGAN STATE
UNIVERSITY

LISE**

LM AT raasnan

Te+11f
1e+10¢
1e+9F
1e+8t
le+7L
1e+6E
1e+5t

Yield {pps/mm)

Te+dt
1e+3E
1e+2t

1e+1t

X-angular acceptance : max

1225 n[beam] - 3+ 31+ 31 31+ 31

132G 31+ 31+ 31+ 31+ 31+

133G 31+ 31+ 31+ 31+ 31+

X (mm)

1e+10¢
1e+9¢
1e+8}
1e+7}
1e+6}

1e+5}

Yield (pps/mm}

1e+d}
1e+3E
1e+2f

1e+1}

X-angular acceptance : 20 mrad

i - 200
Transmission lost ~ 30% T ——

1328n 31+ 31+ 31+ 31+ 3+

133G 31+ 31+ 31+ 31+ 31+

-6 -2 2 6
X (mm)

10 14



MICHIGAN STATE

Using Angular Acceptance torEROERESOIULION D s
I |
L '.
o
| |
| |
|
] :
| |
: -
i E | :
X Lo |
!
3
L
L
i |
o |
|
| |
. |
8 | |
| |
| |
| |
'1?100 40 40 40 20 0 2 {0 il 80 A0 40 40 4 b 0 29 {0 il l
after "Stripper”. X' Theta) [mrad] after !Stripper': X{(Theta) [inrad]
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Open Questions:

1. Mass & charge dispersion values calculation
2. Using Mass & charge dispersion values for optimization

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

OT, 11/18/15, East Lansing 32



