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The code operates under MS Windows environment and provides a highly user-friendly interface.
It can be freely downloaded from the following internet addresses:

http://www.nscl.msu/edu/lise 1
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¢ Introduction : Update ofi the: TwinSol wtility, e

NSCL

from

|1-st zolenoid: B_field b ax
field b ax

05/30/08 version 8.3.45

http://groups.nscl.msu.edu/lise/8 3/TwinsolUtility v8 3 45.pdf

1-st zolencid: | [Current) 1y o sy T |
1-st zolenoid: Coil Length Fies — Utily
1-gt zolenoid: Effective Badius cunent file
. 1-st golenoid: 1-gt half ettings Y Function of
Function of -3t golenoid: 2-nd half ] 19, matrixc 2/ |

I'IEI. rnatri=; # LI -nd zolenoid: B_he | fragment | Eé Save iaas | |

‘01, beam zigma: = b ; 2-nd zolenoid: | [Current]
02. beam sigma: T (] 2-nd zolencid: Coil Length 5 . Load file from ,
03. beam sigma: ¥ &-nd zolenoid: Effective Fadiu T T Em— I [ Fragment energy (Meviu) ¥
04. beam sigma: P [v"] 2-nd zolenaid: 1-st half ave for multidispay
05. beam sigma: B [T - i -
st : 4 3-n3 S':':E”':'!gf F[_Ef:iEId h-:]a:-: ] 1954m || - Plotoptions. Shows ————— a [Tin
08. beam ray: T (] 3 solonoid: Col Length ) ey | Jlargren. Baty Sanas
o B o) 3nd solencid: Effective Radiu TRACE o
) : i - ay Trace
11. beam ray R [X&Y) 3nd su:ulenu:u!u:l: 1-3t half 1337 = T G ]
- - - ks, Seratch hledsta e
j 3 ::ﬁ E::ng >{_: o) "1 Fragment energy [ket/u) ECE Selected plot m |
15: ray trace; N 1242 —
1E6. ray trace: P [7"] at | 1.877 m
17, ray trace: B (=R _

; - |2-n|:| solencid: <0 j mm o e
20, m::::: AT fl-st zalenond: \U a0 —— 11 b ray: R CHEY
. matrie A 1-st golenoid: =1L
29 mnatris AP 1-gt solencid: #1R
23, matrix T4 1-3t solencid: «xC
24, matrix TAT 1-3t solenaid: ool
25, matriw: T/ 1-gt golenoid:
2B, matriz: TAP I
27 malrix: 745 ; E
28 matriw: /T 2-nd zolenoid: <10
23, matri A 2-nd solenaid: «1R 10f
310 matr!:-cf EE 2-td zolenoid; =C Matrix Rays from  "Fragment energy (MeV/fu)"
22 m:i::: PAT < solenoid: w2l 1-st solencid: xF ;  Z=2.400m
T3 mattie P 2-td zolenoid: #2A

4 matiis PAP y, -nd solenoid: «F 0

et o nd solenaid:

éﬁ_ﬂiﬁ- BZ ) -hd zalenoid; <11
-nd zolenoid: #1R
-nd golenoid: «C -10
d salenaid: x2L -
:n-:l solenoid: :EH 10 20 &0 70 Fragment energy (MeViu)
OT. 06/27/08, East Lansing, Ml Dliztanice to ot rane 3
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MICHIGAN STATE

VMIEMG: SelEneIc oRtICS ipiu

http://people.web.psi.ch/rohrer_u/trantext.htm#Solen 3) Homogeneous field:
Urs C. Rohrer, PSI (SIN), CH-5232 Villigen-PSl, Switzerland
1 S*C/K 0O S*S/K O O
SOLENOID: Type code 19.0 0 2*C*C-1 0 2*S*C O O
——————————————————————————— Rh = 0 -S*S/K 1 S*C/K O O
Inside the solenoid, particles possessing a transverse velocity will O -2*s*C 0 2*C*C-1 0 O
describe an orbit which is helical in space. In order to study these 0 0 0 0 1 0
movements, the beam centroid may be shifted and traced through 0O O 0O O 0O 1
the solenoid.
For B * L > Brho , the solenoid has to be divided into a sufficient C = cos(K*L)
amount of smaller elements in order to get an accurate image of the S = sin(K*L)
particle rays. But the R-matrix used in transport includes the fringe
field effects at the entrance and exit of the solenoid.
First-order matrices for the solenoid: ‘soft-edge’ solenoid — edge effect
1) Entrance face : Alex Bogacz, Workshop on Muon Collider Simulations,
Miami Beach, FL December 15, 2004
1 00000
0O 1KOOO —
Ri=0 01000 2*K=B/Brho Meansor =Meage Mot Megge
-K 00100 ~ _
0 00010 1 0 0 0
0 00001
M _ ~Dge 1 0 0
2) Exit face : edge 0 0 1 0
0 0 @ 1
10 00O00O0 - edge ™|
01 -KOOO
Ro=00 1000 1= K2a
KO 0100 Do == jBf(S)dS—B(Z)L __ra
00 O0O010O0 2\ 8
00 0O0O01
k=eB,/pc

OT. 06/27/08, East Lansing, Ml 4
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— Solenoid zettings : — — Optical block properties and data—| — Block Tuning——— R
. Field Directian S Ture Salenaid Length of the solencid block :
 Bmasfield [ 23 :I 7 & " positive e e EE [0 using the: =
N Setting fragment
C lcurent [ 343611 :I A " negative e || [0.25 | Lengthof1sthalk | Length of 2nd half
n iT ake into account the . e 000 - -
: .I Cut[Slitz) % Acceptances : C :
Usze the "zoft-edge" comections v G LOBAL matrix of the; i  Frin| =0
for solencid matris calculations {r\. solencid Block Scheme &¢  DOptical matix it ol - = xﬂ@ .............
WL*B/Pl]=| 07321  Tm |-| |-| T wirSol Uiy : Tuning is minimisation of Bl Cail i
- | 5 | zetting of block .
by B | I ST [13 matie 2o ] 1 I
- o5 s 10.15 - L L - g
Geometry Tweak ns % tl. Plot v=f(E] | : }gﬁ
15t half = I 0 m optional [estimation of Ang.Accept.]— =
: - | 2 Gt 0.10 | 2
2.nd half m Sclencid length = I.I— " Setting fragr:'llnent param:ttgrs _— E Y E
Coil length = I 1 ll _ £an BY Etho - Solenoid G m
oil leng Bore = I 0.2 i 1% [ 000 29,00 "'Dristribution' length &
. . = m — == L
Effectiveracius = [ 02123 AngAccept + [ 1799 mrad 27| 0o 41.42 L '
Block Length = 26 m 3y [ oo 29.00 Setting fragment E:E 5
4F 000 41 40 distribution parameters /f]&\ :
- i : : betore Scolenoid 0.00 — T | L
M = Maconst * | BE| 14 01 B [=10) @1 3 7
Mdzonst = I 003636  TAh b = I 124937 T
B(0] = & * Coilength / sqrt| EfRadius™2 + ColLength™2 / 4 | v 0K X Cancel | 9 Help |
LISE ++ attention! x| ) . .
Calculation of setting fragment parameters in front
@  Memo: The Solenoid block of the solenoid and solenoid tuning are done by
iz effective for the Monte Carlo et : . ”
z transmission mode the “Distribution” method.

Phase space distributions and transmission with
the Solenoid block are recommended with the
Monte Carlo transmission method.

OT. 06/27/08, East Lansing, Ml
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- Emiltance4B-ea m

—beam respect to spectrometer —
d IT i
dT IT rrad
d I 1] i
dF IT mrad
daT IT deqrees
dF IW dearees

itis used for

“beam ray” tuning

Setting fragment parameters
in front of Solenoid

e “Distribution” method is used if
setting fragment transmission

— Setting fragment parameters

kean StDew
1.:=( 14.00 29.00
2 T 20,00 41.42
3. 14.00 29.00
4 F(| 20,00 41.42
B E 1.4 0.1

b ethiod

up to the solenoid block is more
than 0%

"Diztribution

Setting fragment
diztribution parameters
before Solenoid

R

e Otherwise “Gaussian” method
(based on 5 points determining a
distribution shape. Used in
“Ellipse” 2D-plot, The “Goodies”
dialog)

mm

400

200

2007

10071

mm

— 07  beamray: ¥
— 09, beam ray: Y
—11_beam ray: R (X8Y

-100

-2001

Tuning param

4

steris <Matrix Rays> :

=300

07.beamray: X

05 15

OT. 06/27/08, East La

25 35
B field max

nsing, Ml

45 55

6.5 75 gs

mm

itis used for
“beam sigma” tuning

—01.k i M
mm 03 heansiana: ¥
——05. beam sigma: R (X8Y
1e+3} Tuning parameter is <Beam Sigma> : - 01. beam sigma: X
800 |
600 |
400}
200
%.5 15 25 35 45 55 65 75
B_field max



Solenoid Funing

MICHIGAN STATE

UNIVYERSITY

— Block Tuning

Tune Solenoid

Lizing the

Setting fragment

T ake inta account the
V¥ GLOBAL matrix of the
previous block

Tuning iz minimization of

1.2e+3

155 2
SOLEMNOID: L1=1.5m

a0

mm

600

400

200

current Bfield - max

=

Solenoid block tuning: 01. beam sigma: X
Tuning parameteris <Bearn Sigma=: 01, beam sioma; X

(E=1.38 MeVru ar Ptrans=0.110 Ge¥ic) Emittance:29,41.42,28,41.42  |nit Ray0,0,0,0

[2=2.0r Coil=1.0m Ef.R=0.21m BO=2.000T EdgeCorrect="res" DyEL Man="+"

[—01. beam sigma: X}

GlabalMatrin=""es]

as 15

OT. 06/27/08, East Lansing, Ml

25 35 45 55

B_field max

. bearn gigma; * d

. beamn zi
. beam =igma: T [=')
. beam =igma: v
. beam =igma: P [v")
. beam sigma: A [#i)
. beam zigma: A [PET
. DEam ray:
. beam ray: T [=')
. bearm ray: Y
. beam rav: P [v"]
. beam ray: B =)
. bearn ray: A [PET
. akre 27
4. matre #AT
B matne =5
B. matre; =P
7
a

Cmatm T

matm TAT
9. matm T
. matm T/P
. matm
- matm AT
. matm
. matrx /P
. matn P
. matris PAT
. matris PAyY

ot PSP




E%%

1.2e+3

1e+3

=)

mm

GO0

400

200

14e+3 |-

12843 |

Te+3 |

500

mm

500

400

200

0

Solenoid Tuning : LLecking for nearestminnmauimn

Solenoid block tuning: (1. beam sigma: X
Tuning parameter iz =Beam Sigma=: 01. beam sigma: X
%4 |(E=1.38 Me\iu or Ptrans=0.110 GeVic) Emittance:29,41.42,29 41,42  Init Ray0,0,0,0
SOLEMOID: L1=1.5m L2=2.0m Coil=1.0m Eff.R=0.21m BO0=2.000T EdgeCorrect="vYes" DiFEc
o current Biield-max
05 15 25 35 45 55 6.5 B field max
[—01. beam sigma: i
Bfield_max after tuning
1 2 3 4 s & B_field max

OT. 06/27/08, East Lansing, Ml
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D1S E

. . r

Bcurr = Mmax (Bcurr ’ 0. 1)
xmin = Bcurr * 0.05
X = Bcurr * 20

max

coef = exp( In(X, .x”Xin) 7
NP_Tune_Plot)

X; = Xmin * coef !

at BCUFI"
Ietart = NP_Tune_Plot 7/ 2

Go to both directions
(left & right) From I e, ¢

Search for 1-st minimum

#define NP_Tune Plot 512
#define NP_Tune fit 16
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Blerzinn) slefnplel

Bhrojecie s
6.04 Me*u 1 pn& . .

— Solenoid zettings
[Clompound "7Ba :
[Rlesidual 10649+ & B max field :"I .
= = , 1 T Use Local matrix
- Target : £ |, cument I 17.2209 ﬂ & .

s @ B (11 1
| No “soft-edge” corrections
IE Stripper Uze the "soft-edge' cormections
far golenoid matrix calculations

5[] 1stiit VIL*B/Fl)=| 036E3  Tm
i : “ /Brho= | 1.0043 http://groups.nscl.msu.edu/lise/8 3/solenoid test.lpp
E....!'J ...... Soleneid 14527 T

Solenoid block tuning
Tuning parameter is <Beam Sigmax: 01, beam sigma: X

106|498+ (E=1 38 Meiu or Prans=0.110 GeVic) Emittance: 294142294142 hitRay:00,00
SOLEMOID: L1=0.6rm L2=2 Om CoiF1.0m EFR=0.21m B0=1.153T EdgeComect="No" Direction="+" GlobalMatrix="No"

— Ol ean slgma: \'\
n 2
—

240

mm

mirad

— O e am slgmary
- = - 05 o flamacP COEY

—— 02 beam slgmaT o \'\
210 —— 04, beam slgmac P oY

== -0 by flamas (FET

h=2

h=1

140

170

150

130

mm
mrad

10
an
70 e T,

ey
e TN

il

0.4 1]

2.4
B field max

18 3z 36 4

24
B field max

18 3z a6 4

OT. 06/27/08, East Lansing, Ml
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e V = Reduced Brho-value, Matrix Coefficient |y

LIS E

sl

Local matrix. No “soft-edge” corrections

X —— mal i LY 5 [T [mradimm] — '"a::"r-:: 5
— — — mal T
— 1 n_2 - T - - - mak™IF"
3
=
b £
P =
]
=
0.4 (1] 2 1.6 2 24 18 s f] 4 0.4 L] 2 16 2 24 28 3z 36 4
B_field max B_tield max
3 1T fomdinrad ]
2
)
=
=
=
>
1]
-1
2
0.4 (1] 1.2 1.6 2 24 18 s f] 4 # 0.4 L] 1.2 16 2 24 28 3z 36 4
B_field max B_field max

OT. 06/27/08, East Lansing, Ml 10



400

300

200

mm
=}
L

-100

200 X:

1

100 ﬁ

n:

= 20 mipd , y'= 20 mrad

—— 07 L= an @y L
—— 09 L am Y
- - s

mrad

MICHIGAN STATE

UNIVYERSITY

mrad

[—— 05 % an @y T 00 \1
— 10,5 am By PO
A b g

X3 Omm|y=0mm
=300
05 15 25 35 45 55 65 75 a5 05 1.5 25 35 45 55 6.5 7s g5
B field max B_field max
I T — D& e an By T oY
mm —— 09, am B v mrad — 10t an @y P
- ¢ | s - - - i bean @y A& PET
"~ -
200
100
-
Z
E E
£ 0
-100
X
-200 X
05 15 25 35 45 55 65 75 85 05 15 25 35 45 55 5 75 85
B_field max B_field max

OT. 06/27/08, East Lansing, Ml

11



MICHIGAN STATE

UNIVYERSITY

—— 01 heam sigme: %
mm

—03. beam sigma:
550 o

-} ——05. beam sigma: R (X&Y'
108|n49+  (E=1.38 MeV/u or Ptrans=0.110 GeV/c)

106|n at 1.4 MeV/u

 Black matrix  Global matr
1% | -09105 | 11786 | -05685 [o7da [ 0 | O |0g05 | 0543 | 05655 |03 | o0 | 0 [mm)
2T [41175 | 06539 | 0634 [o04061 | 0 | @ | 11175 | 01283 | 0834 [00797 | 0 | 0 [mrad]
2| nsess |-073a |-0m05 [1aves [0 | 0 | 0685 [ -03361 [-08f05 05413 [ o [ 0 [wm]
4 F| 0634 [-0d4081 [A1175 [o6sas [ o | 0 | 0634 |no7a7 [ 41175 0123 | o [ 0 [wrad]
sl o | oo [ oo | o f 1t | o ff o | o [ o | o | 1 [ 0 @[m
eof o | o | o | o | o [ 1 [ o | o [ o [ o | o [ 1 I
Aroen] - Arrad] Aram]  Arrad] | ME] Am]  Arrad] Hmen] - Amirad] Arnen] A
14 18 22 28 3 34 38
B_field max
550 MM Tuning parameter is <Beam Sigma> ot oo M
106|049+ (E=1.01 MeViu or Ptrans=0.094 GeV/g, S pemnalne R
1%n at 1.0 MeV/u
250l r~ Block matri - Global matrix —Beam
£ 1% 18574 | 01773 | 44777 [ 04273 | 0 | 0O [resra [Anz2s [4a7er [270m [ o [ o (wml ||} [5383
= 5o 2 T[22 [oosn |36 [o1zm | o | o [3832 [ososr [B283 [2178 [ 0 [ o0 [mead] ||} [T4E058
3| 44777 | 04273 | 48574 [ oAz | 0 | 0 [#4777 [z7om [ese4 [Aazzs [ o [ o [oml ||} [E7823
4 F[ 32863 [0123 [13e32 [oosnn [ o [ o [3zee3 [z177a [13632 [08031 [ 0 [ 0 (vad) |[) [9547E
o st o [ o [ o [ o [ 1 [ o |[|[[@ o [ao [o [ 1 [ o mm/|J[ 07
o[ o [ o [o [o [o [ 1 |||/ o [ o [ o [ o [ o [ 1 rm || [or_
50 £[rm] A[mrad] Amm] Amrad] £[ram] %] A[rim] Arrad] A[mim] f[rrad] £[ram) %]
1.2 18 2 24 28 32 36
B_field max
S 5 bean s
Tuning parameteris <Beam Sigma> |—05_beam sigma: R (X&Y'
102Rp45+ = =
- Rh (E=1.38 MeV/u or Ptrans=0.115 GeV/c) 102Rh at 1 4 Mev/u
350 — Block matrix — Glabal matr —Beam
g 1% | 00842 | 14274 [0030 [o057ee | 0 | 0 [-Doea2 [136e5 [0o0a41 [os8a3 | 0 | 0  (mml ||| [25005
250 2 7| 0504 | ne2s4 [0263% (0335 [ 0 | 0 [oeso4 [0t [0z837 [oass [ o [ o0 lwadl ||| [ 7803
37| oot [-05788 00842 (14274 | 0 | 0 [ooeH [ogess [oosdz [Tz [ o | o mm] ()| 30088
. /\ 4 F[ 02637 [0335 [0e50s [o8264 [ 0 | 0O [026s [oisos [oesos [o37n1 | o | 0 (wead] ||| [ETE]
st o [ o [ o [ o [1 [ o ||[[o [ o [ o [ o [ 1 [ 0o mm J|[ 0
e[ o [ o [ o [ o [ o [ 1 (|| o [o [o [o [ao [ 1 = ||[[oo7
o #[mm] Almrad] #[mm] f[mrad] A[mm] A%] Almm] Amrad] A[mm] Almrad] #[mm] %]
14 18 22 26 3 24 38
B_field max 12
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Methods off Transmission calculation Vs, SeIEned

Calculation of setting fragment parameters in front

Tunmg of the solenoid and solenoid tuning are done by
the “Distribution” method.
Distribution method:
Local solenoid matrix , and following recalculation of Global
matrices for average energy of each ion.
Non-zero X/T, T/X, XIY, YIX, XIP, PIX, TIY, YIT, XIP, PIX, YIP, PIY
matrix coefficients wash out all structures.
Transmission Monte Carlo method uses only local matrices. Solenoid local
matrix is recalculated for EACH ray (for each fragment energy).
Phase space distributions and transmission calculations
with the Solenoid block are recommended with the
Monte Carlo transmission method.
— Block matrix — Global matriz —Beam
1% | 00842 | 14274 | 0034 [ 05788 | 0 | O | nos4z | 13665 | 00341 o543 | o [ 0 [mm] [23003
2706504 | 08264 02837 [ 0331 | 0 | O [0es0s [03711 [02637 [osos [ o [ o0  [wead) ||| [ 7303
3| 00341 | 05788 | 00842 [ 14274 | 0 | 0 | 00341 | 05549 |-00842 [ 13685 [ 0 | 0 (mm] EER
4 F| 02637 |-03350 |-06504 | 0s264 | 0 | O [0ze37 [01508 [0es04 [03r [ 0 [ 0 fwead] ||| [ 8781
st o [ o [ o [o [ [ o [ o [ o [ o [o [+ [ o wm |[[ 0
so[ o [ o [ o [ o [ o [+ ||[Jo [ o [ o [ o [ o [ 1 = |[[[ow
Arnm] fmrad] Amm] Hmrad] Arnm] A%] L] A[mrad] Amm] frmrad] Arnm] A

OT. 06/27/08, East Lansing, Ml
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F 1S i

e

— Emittance
Beam CARD
[sigma)
1.% 1.1 i dx 10 mm
2T 195 rrad dT I rarad

I—
I—

Y n3 mim d I 10 i
I—
I—
l—

— beam rezpect to spectrometer

4 F 205 rrrad dF 1] mrad

RAKAEN

AL 0 I dT ] degrees
E.D 0.07 b4 dF 0 deqgrees
Distribution method Monte Carlo method
X-Y 160 106] : Monte Carlo Transmission Plot
3BNi (6.0 MeV/fu) + Ni (0.5 pmy; Settings on 108|n; Config: SLMSDSMMMM 59N (6.0 MeViu) + Ni (0.5 ym); Trasmitted Fragment '%In (FusRes)
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B A 120
40 80
3
t £
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-60 e == 927
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120 -80 _40 0 40 80 -120 -80 -40 0 40 80
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Distribution method

80

40

X-position (mm)
o

-80

TOF-X
58N (6.0 MeV/u) + Ni (0.5 um); Settings on '"8ln; Config: SLMSDSMM MM

dy 23

-120

182 186 190 194 198 202 206 210 214 218 222 226 230

Time of flight {ns)

Too

400

TOF-X
Time of fight (ns); window projection — ENi (6.0 MeWu) + Ni (0.5 pm); Settings on '%5In; Configr SLMSDSMMMM

a0

130 200 210 220 230
Time of fight (ns): window projection
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after "PPAC": X [mm]

1860

== 58N (6.0 MeVfu) + Ni (0.5 um); Trasmitted Fragment '%6In (FusRes)

1061 : Monte Carlo Transmission Plot
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le+3

175

185

195 205 215 225 235
"Stripper” vs "PPAC": Time of flight [ns]

“Stripper” vs "FPAC®. Time of fight [ns]: window projection — ENi (6.0 Me'Wu) + Ni (0.5 pm});, Trasmitted Fragment 9% n|

106In : Monte Carlo Transmission Plot

17s

185

195 209 215 225 235
“Stripper” vs "PPAC": Time of flight [ns]: window projection
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CHIGAN STATE

Methods ofi Tiransmission calculatien: X Vs i@)E RIS

U A
s _I.Z'_J L

Distribution method Monte Carlo method
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FIe3 0.5 micron
X space QU | : : : : H S @ Stripper .
106In : Monte Carlo Transmission Plot
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&
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5
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34} 1051 00 07 ™n
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UNIVYERSITY
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wf . N R Length of the solenoid black :
SENI (6.0 MeWiu) + Ni (0.5 pm) = .._.
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MICHIGAN STATE

UNIVYERSITY

Solenoid block tuning
Tuning parameteris <Beam Sigma=:. 01 beamsigma: X
108|r8+ (E=010 MeWiu or Prans=0.030 GeVic) Emittance:248 20782242036 IhitRay003 008003096
SOLEMOID L1=05mL2=1.0m Coil=0.5mEfR=021m BO:1B.E%1 2T EdgeCorrect="ves" Direction="+" GlobalMatix="Yes"

mrad

500

400

300

mm
mrad

200

100

B_field max B_field max

106In transmission 15%
102Rh transmission 3%
For 2% momentum acceptance
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MICHIGAN STATE

Conclusion BIAAER

| 1061In : Monte Carlo Transmission Plat =P

106]p : Monte Carlo Transmission Plot e
58Ni (6.0 MeV/u) + Ni (0.5 pm); Trasmitted Fragment 108In (FusRes) I
dp/p=100.00%
"Solenoid" - last block for MC calculation; Gate: "NOT" (R [mm]); Configuration: SLSMMMM

Contour
18 H Sum 1.66e+05
Max 802
<X>1389

<Y -0.0245
1471 dX 000534
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<X¥=>-0.00012

SUM
1.664e+05
CPU speed
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after "Solenoid™: R [mm]
M
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[\
(4]

14|

18 F

= =

1.365 1.375 1.385 1.395 1.405 1.415
WLQ]OSE,SE?O? [g'\ﬁiéﬂc\nse_pp_ssm|es\80|eno.d\58N|350_58N\_1osm_SOL_c;ﬂﬂ%Fn'e'rﬁﬁlﬁ,!LPid": Energy [MeV/u]
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