“Finger™ ISty A

v.13.4.4
02/24/12

« The new drift mode “Finger” has been designed to s
simulate transmissions with use of bars to stop New mode of “Drift” block

primary beam charge states Finger x
G I . . ~ Kind of Drift [or Multipole] block, — Optical block properties and data——
°
eneral settings, properties (~ BEAM-LINE black, Nor-dispersive aptical black. Length hysica) - [T m
Izer can change the optical matrix values.
. . Effective length = 1] m
7 ’ . I
° STAMDARD DRIFT block az in the
FI nger blOCk Settl ngs Transport code. Use thiz mode for a long {&4‘ g‘glt'i:él‘;?te Brho = I 435988 Tm
detector. The Optical matnix iz determined —=t
. . PP 1 . . . by the code. _— Cut(Slits) & Ac
« Selection with “Finger” block: analytical solution | O3 Qi) & Acceptances
MULTIPOLE [magnetic Quadupale +
Sextupole). The matrx can be calculated . &’ Ciptical matrix
o « F T bl k d ﬂ: t t . . d ag in the Transport code with using block {&‘i —
|nger OCK VS. frerent transmission an rpnaarga;nena;itgrfsiel[crl?dlus, effective length, @ General settings of block
plOttI ng methods sQUADRUPOLE [electiostatic]. The matri &85 Setings
o Ean be calu:LrJrl?utferufllln]llth uzing block el Lo e e
® . ' Block length
Next steps & FFINGER block.Special is bock wih! e, s ook
zera length e " Biho valus
— g -
" B [filed) value  [for multipale)
Do nat farget ta recalculate the .
¢ QK x Cancel Optical matrix if you changed | [current] value  [for multipaole)
. . . . . the DRIFT MODE!
« Correction for transmission calculations in the

case of zero-length blocks
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Finger block : general settings U | MICHIGAN STATE

99 UNIVERSITY

* Block length =0 —_ “Optics settings” dialog
* No apertures
P IFTE finger.  Finger 8719 00000  eeeoeer ceeieeee FiNgEr
« Angular acceptance disabled
. ” . — Selected block —a&ngular acceptance [mrad]—| — Ingide Aperture [mm] — Slitz [mm] after thiz BLOCK,
° NO reQUIar SIItS I Drift [rultipole slits] LEEIQDEEk[m] {&5 Selected Block Edit | LIEE min max Lllie min mas Lllie
Hornzontal + | “=| -100 100 W= | |
Bl 9 [ o Mutlipole Edi _
’7|_ fn:ttlijc_ IFinger— Length after iﬂ;‘i Cuts (Accept 1] I e I— i " — — - I—I— :
. this black ] & plcoeplances Shapg——— Shape Shape
® Recommendatlons IW p Optical Matrix | (Hectangle ¥ Elipse ’7Flec:tangle " & Elipse (Hectangle & Elipse
o use an optical block with working

slits before a “Finger” block

o use NP=64 or higher :
slit

finger
Flrojectile #ica?> Total number of acting fingers
140 MeViu 1 pnA

[Flragment 42§16+ \
Target ﬁi[l;:]Tl?'g;cn'Z .
[Sze] Stripper Sf = Finger 2 fingers

The — 8 mm
] o 43988 1

5 T n_sis slit=
—-50[H |+50

Finger Elinsg irn?

02 om0 Sum of acting fingers widths
12_sits slits
=100 H [+100
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Finger block setting u Bl MICHIGAN STATE

Else/UNIVERSITY

F [
TertE [ "Fingers" plot :
« Maximum 5 fingers per block wof —— | W —
* Fingers can be entered in free order &
« “Suppression” and “Diffuseness” parameters are : H
used in analytical transmission calculations, and o
they are property of the configuration. So, they are B L
the same for all finger blocks in configuration I SR - 5 o N 2
2k (=4 = o o
1e-10 (I < s S g
Finger (Special slits) block e s 11‘_ } L L B LEL
“F. 00 . 1e-12 IJ}
— "Fingers" postions [mm] - | = 75 i . il
Center  Width Left  Right i
Fo| o [ 2 & | 9
e [m [4 [ [
v I 0 I E | 3 | 2 1e+1% "Fingers' plot
wlw [e [ & [ o o) [
M [ aw [0 | 1B | B wof 3
E 1&3% l
— "Finger'' zethings for analyhical transmizsion u:alu:téllaftiur?s g R 8
efault 2 tesf (&)
. g @
Diffuseness [mm) = Q.01 0.0 '/ A Ie-6 ‘-IE 4
Suppression factar = IW 1el2 / :Ej, TE © g
/ = 1e-8E (7)) E
1e-9L % L
o Ok | X aut | ? Hep | I\ Fingers Plot wol 5
1e-11 Q
-]
Te-12f (D" ¢ > ]
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Finger block : how it works? U Bl MICHIGAN STATE

Se UNIVERSITY

1 . . ] . .
! (Diffusion=0.01 mm "Fingers" plot  Monte Carlo mode : diffuseness and suppression values are
o ] : not used. Rectangular well with an infinite depth is used
o2k { + “Distribution” (analytical) solution :
@ 1&3; E . . . “y . ' ” H
E Ll | o The Diffuseness parameter is needed since “Distribution” technique
g osf ] does not act properly in convolution with sharp wells
g oo . ~ - < o ] o Can be manually used to reproduce high-order effects
2l | = 5 = 5 5 o The Diffuseness parameter default value is 0.01 mm (minimum 0.001
E ’ BE :g‘ g & <y <y mm)
: UF i i i i i ) _ ) o e
ool -1 o Suppression factor is used to avoid zero values in intensity distributions
te-10f 1 o Do not use small suppression values. Should be enough to suppress
etk U primary beam charge states
E — o Default value is 1e12. Larger factor is not recommended when plotting
’25 ” B ° ' 2 Xqmm] distributions
fert EDiﬁUSionko-In' mm "Fingers" plot E 1+ 7 DifoSIonkOJ mm "Fingers'' plot *
1e+0 | . F 3
E 1e+0§ 3
te2 | — ~N ) < o 1 oo
E b ; 2 g g g g X 4g3 E E
E E c c c c c &
z 4k T i i s i £ eal
E 1o % E le-5 ;
S oo} 2 ol
g’a ‘H% E 1e-7 E
i 1&8% "E- 1e-8
1&9; E o ; F N o™ < Lo
wof | z 5 5 5 5
e-10 1e-10 (@) o O o o))
F F [« c C c c
fedt “ : et | L [ \Tj e [N
te-12 | E 1%12% E
— 5 3 5 5 FRp— % 75 5 5 5 % X[mm]




Selection with Finger block ICHICAR ST

Eeaction ProjFrag
Finger (Special slits) block X Ion Produnction Rate (pps) 4.92e+2
Fingers” posiions (mm . Total ion transmission (%) 44 805
Corter width Left Right f|nger Total: A1l reactions (Eps) 4.92e+2
v [ [z [ @ [ 19 X-Section in target (o ) l.06e-1
A | = | = Target _ _ (%) 99.15
voT [ | 3 | 3 Unreacted .1_.n mﬂter.!.al (%) 99,15
Unstopped in material (%) 100
] w0 J] & JHEEE D1 (%) 98 .49
T | 15 | = ¥ angular transmission (%) 100
—"Finger" settings for analytical transmizion caloulations L angular cransmission (£) °5.49
default I1 =lits (%) 51.51
Diffuseness [mm]= | 0.00 0.0 X gpace transmission % S91.51
Suppression factar = IW 112 il .
K 5 5L
o Ok | X qut | 9 Hep | l-l’FlngersF‘Iotl ¥ angular transmission (%) 100
Y angular transmission (%) 100

T WA anw o =i

Finger => Xspace
48Ca (140 MeV/u) + Ta (500 mg/cm?); Settings on 42S; Config: DSSDSWDDMMSMM
dp/p=3.38% ; Wedges: 0; Brho(Tm): 4.3988, 4.3988, 4.3988, 4.3988 “Intensity“ D4 distribution

without charge states

ihPUt : : : : : 6utput after slits ’ - G 0.8 T T T T T T . T T -
Y-Linear | _ Y-Log intensity ‘
15} “3 15} 23 25 0.7}
1 fe+l 111 | .y
1e+0 . =-
13} 13 0.6 [
1e-1 ;‘
,-E-.11 I 'E'~ 11} 1e-2 051 T
£ E 1e-3 ;
§ ol E 9 1ed 041
- et 1e-5 i
3 7} ] r “ 16 -
- >
5| 5| 167 0.2
1e-8
3l 3 169 011
.| | Before block A afterlock L oL
- — o - - - = = - > . T = = Te-11 2070020800 20900 2100021100 21200 21300 214nn 21E00
- - - - 50 30 -0 10 30 50 P (MeV/c)

X (mm) X (mm) SO X (mm)




Selection with Finger block: what is cut? U Bl MICHIGAN STATE

99 UNIVERSITY

- Emitance [~ [ : : : _— : [ =S —— B
i A f Pay attention that 3 left fingers did not make significant cuts in the 7 | Gamesemsi O =
) TR e intensity distribution (left case). 1% o [ 52 [Game
;f “‘"‘d: ; IE It is due to a relatively larger 1 mm initial beam spot on target. 27 mad| 6 [Gaussin
. mra AlEsian
A mm | 1 IGaussian . . . Y mm I 1 IGauss?an
4P mad[ 8 |Gaussin Transmissions in both cases are close the same, 4P mad| & [Gassin
. . . AL 1] Gauszian
5L mm [ 0 |Gaussion but.. See difference in the next page | [Gauss
X : B0 X% I .07 IGausman
B.D X I .07 IGausman
“Intensity” D4 distribution
B+ >
intensity > ' V-Li 1o+l Nas
0.7} -Linear F s -LO
3 A | B f B iy 220
06 g 111 o
ot —- 1e-2
I 08} 3 ﬂ 1e-3}
8 D (1]
— -~ le-4k
> T
04} 06l 2 1e-5k
” le6}
0.3} 1e-TE
04} 1e-BE
0.2} te-9l
01l 02| te-10k \J
le-11g
o ol L L fe12y -
20700 20800 20900 2100021100 21200 21300 214nn 210N 20700 20800 20900 21000 21100 21200 21300 214nn  21&nf 20700 20800 20900 21000 21100 21200 21300 214nn  24&ni
P (MeV/c) P (MeVic) P (MeVic)
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Distribution > Selection with Finger block AT

55|
a2g 42g
9 R
45|
3 7| —
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g ]
o o
= 5 &
X=1.0 25| o= =
> >
15} 3|
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Monte Carlo = Selection with Finger block AR SRR

|

After the 3d |
dipole '

0 10 40 30 -0 10 ] 50 [0) ]
after "D3"; X [mm]: window projection

LLLLL

O.Tarasov@NSCL.US 01/23/2020



Finger block selection : transmission e

A - ; . ion: & _
ﬂ m H Tlr:zrllssrgslsl?oliegcﬂlations JUSt aftel' the Flnger bIOCk

®
Yield (pps/mm)

4 &
Monte Carlo:
21 Transmission calculations
0 5000 #
_50 30 10 x (mm) 10 30 A0
5
12— - : : vy ‘ ; ) ) )
Distribution4: &' 4000
s Internal D4
1t m H transformation
i 3000
08} : -
06}
2000
041
1000
02}
0, IUI -u T 0
-60 -40 20 0 20 40
; 20700 20800 20900 21000 21100 21200 21300 21400 21400 L after "Finger " X [mm]: window projection
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Finger block selection : 2D-plot AR SRR

dE-TOF

48Ca (140 MeV/u) + Ta (500 mg/cm?); Settings on 42S; Config: DSSDSWDDMMSN
dp/p=3.38% ;: Wedges: 0; Brho(Tm): 4.3988, 4.3988, 4.3988, 4.3988
Start: Target; Stop: FP_PIN; ACQ_start: Detector ** dE: FP_PIN - Si (504 pnm)c

“Ellipse”: ¥

153.5

152.5

151.5

150.5

149.5

148.5

147.5

146.5

Energy loss (MeV) /FP_PIN/

145.5

1442549.2 249.6 250 250.4 250.8 251.2 251.6
Time of flight (ns)

dE-TOF

SEUDO Md3@a @4 MeV/u) + Ta (500 mg/cm?); Settings on 42S; Config: DSSDSWDDMMSI
dp/p=3.38% ; Wedges: 0; Brho(Tm): 4.3988, 4.3988, 4.3988, 4.3988

Start: Target; Stop: FP_PIN; ACQ_start: Detector ** dE: FP_PIN - Si (504 pnn
160 | 1
= I
EI 156
o
L
< 152 |
L]
=
0 148}
o
>
=
o 144} .
£ Pseudo MC: ©
140 |
246.5 247.5 248.5 249.5 250.5 251.5 252.5 253.5 254.5

;@\?ﬁ%gﬁsool\ép NSCL.US 01/23/2020 Time of ﬂight (ns)

ToF : target-FP

42S : Monte Carlo Transmission Plot

48Ca (140 MeV/u) + Ta (500 mg/cm?2); Transmitted Fragment 42S (ProjFrag); Optics O
dp/p=3.38% ; Wedges: 0; Brho(Tm): 4.3988, 4.3988, 4.3988, 4.3988

An%«gcept: ON; Bounds: Off; "FP_PIN" - last block for MC calc; no gates; Config: DSSDS

156 |

gy Loss [MeV]

152}

148 |

144}

into "FP PIN": Ener

140 R |

248.5 249.5 250.5 2515 2525 2563.5 2h4 A
Monte Carlo: é) "Stripper” vs "FP_PIN": Time of flight [ns]



Finger block next steps MICHIGAN STaTE

« Make benchmarks with higher-order optics

* Primary beam suppression (perform analysis effects
of “Moyal straggling” and Coulomb scattering tails)

« Determinate Suppression and diffuseness values
comparing to MC high order analysis
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&2 Correction for transmission calculations in the case of zero-length blocks s MICHIGAN STATE

NSCL Se UNIVERSITY

viz.l Fixed at Vv.13.4

4258 Beta- decay (Z=16, N=26) Emjeﬂ“e 48 520+ 425 Beta- decay (Z=16, N=26)
140 MeViu 1 pné
Q1 (D1) 16 ragment 42516+ Q1 (D1) 16
Reaction ProjFrag e 181 5 Feaction ProjFrag
Ion Froduction Rate (pps) 2.56et+2 1 g2 Ion Production Rate (pps) 3.59e+2
Total ion transmissiom (%) 11.877 . - Total ion transmission (%) 16.351
Total: Rll reactions (pps) 2.36e+2 IE Stripper Total: All reactions (pps) 3.5%92+2
#-Section in target (ool } 1.06=-1 ¥-Section in target {mb) 1.06e-1
Target (%) 98.3 |I§‘| D1 P Target (%) 98.3
Unreacted in material (%) 88.3 Unreacted in material (%) S8.3
Unstopped in material (%) 100 Unstopped in material (%) 100
D1 (%) 100 D1 (%) 100
I1 slits (%) 16.91 I1 slits (%) 16.91
¥ space transmission (%) 53.43 X space transmission (%) 53.43
Y space transmission 31. i i
I2 =lits I2 =slits
X space transmission X ;pac'.e transmission (%) 99,21
Y space transmission Y space transmission (%) 98,14
I - (%3] gevETTT
504 w cron Unreacted in material (%) 99,45
CYH10 T o T
Iﬂ PPl 100 mm

Should be 100%
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Correction for transmission calculations in the case of zero-length blocks i MCHIGAN STATE

99 UNIVERSITY

v.12.1 v.13.4

. d =>
12 slits = Xspace I12_slits => Xspace |
48Ca (140 MeV/u) + Ta (1 g/cm?2); Settings on 42S; Config: DSSMM 48Ca (140 MeV/u) + Ta (1 g/lcm2); Settings on 42S; Config: DSSMI|
dp/p=2.05% ; Brho(Tm): 4.1756 dp/p=2.05% ; Brho(Tm): 4.1756
without charge states without charge states
nput ) oUtput fter sits : input > output after slits = s
6. = 45 = 65 2 I N “s
— 55 —_ _ —_
g *° @ £ s E 4
a a o o
2 35 2 25
= = 2 35 g 35
g 25 2 = h=
» > 15 @ 25 T 25
1 > s > s
05
05| L ) 05 ] 05
e [mm? 1o weomome (mm? B 3 25 -5 b 5 15 - 35 25 15 5 5 15 T oF
1.0173eH) =3 B+
output before slit 3 X (mm) 6.8280e+0 X (mm)
5.5 .80.0% _ output before slits H - —d -
/ -_—— - \ — = — 5:00.2% \
45 / 3 I
E ! ! E : !
E I I
5 35 | £ |
a - 1 | - | 45 1 |
> ; g | ' |
ke 251 | = | 35 I :
(]
> I | % 1 25 1 i
150 ! = I I
I I | 15 |
0.5} 1 I I [
2 1
L) g | 0-2 -

15
|
I
|

14-01-2020 14:37:32 ——
LISE ++ (Gslits2.lool “ X (mm) 24012020 14380 = =22 s 2D -15 -5 5 15 25
O.Tarasov@NSCL.US 01/23/2020 LISE ++ [G\slits2.Ipp] X (mm]



