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The Lecture
Series

An Introduction to lon-Optics

1st Lecture: 9/10/18: Formalism and ion-optical elements
2"d | ecture: 9/12/18: lon-optical systems and spectrometers

3 Lecture: 9/12/18: Recoil separators for nuclear astrophysics, St. GEORGE

. 9/1.5/18: The recoll separator SECAR i1or FRIB

Hands-on seesions in the afternoon: 9/10/18 — 9/14/18: COSY Infinity



Review 3 Lecture

Measurements at O degree
Inverse kinematics for radiative capture using unstable Rare Isotopes
Recoil separators, overview

The recoils separator St. GEORGE for stable isotopes (a.,y)

The recoils separator SECAR for unstable RI beams, A < 65, Overview



Broad Set of Reactions Define Rigidity and

Acceptance Parameters
Half ' '

e lo |aee |recol |Ange |Bp  |e» 8o | ™ Thesg reactions deflng the

Beam | value | Range | Charge | Recoil | Recoil | Recoil | Beam fO”OWIﬂg reCIUIFGd d@Slgn
Reaction MeV MeV | % q mrad Tm MV Tm
150(a,y)°Ne | 0.5 3529 | +3.1 |3 +15.6 | 0.29 125 ]0.14 parameters _

3 3529 | +21 |6 +10.3 | 0.35 3.75 |0.35 « Even at highest energy
44Ti(ay)*8Cr | 0.5 7696 | +23 |4 +11.7 | 0.58 2.74 | 0.19 most beams can be used

3 7.696 | 1.3 |10 +6.2 |0.57 6.59 [0.48 for setup of experiments
19Ne(p,y)*°Na | 0.2 2193 [ +13 [4 +6.4 |0.31 1.88 [0.21 : -

3 2193 | +£0.71 |9 +3.6 [0.54 12.5 0.81 with Suﬁ'C'ent count rate
2Ma(p) Al | 02 | 1.872 | £0.02 | 4 +46 |o038 228 | o015 o Otherwise less-abundant

3 1.872 | £0.56 | 11 +28 |053 |124 1058 higher charge states can
2Al(p,)2Si | 0.2 5517 | +2.3 |4 +11.7 |0.41 2.48 |0.15 be used

3 5.517 | £0.90 |11 +45 [0.58 13.5 0.58
30P(p,y)3S 0.2 6.133 | =22 |4 +10.8 | 0.49 3.97 ]0.15 _

3 6.133 | +0.80 | 12 +40 |o063 |148 |oss |Min.-Max. Bp  0.14-0.80 Tm
BCI(pHAr |02 4663 [ +15 |5 +7.6 | 0.43 26 |o031 | Min.—Max Ep 1.0- 19 MV

3 4663 | +0.6 |14 +3.1 |0.59 14.0 1.19
“4Cl(py)®Ar |02 |5.897 | +18 |5 +92 |0.44 27 |os2 |AngleAccept.,x,y +/-25mrad

3 5.897 | £0.7 |14 +35 |o061 |144 1122 | Energy Acceptance +/-3.1%
37K(p,y)%8Ca | 0.2 4548 | 1.3 |5 +6.6 |0.48 2.9 0.27

3 4.548 | +0.54 |15 +2.7 |0.62 14.6 1.04
3BK(py)®Ca |02 |5763 |+16 |5 +8.1 |0.49 30 |o0.27 Bp = p/q

3 5763 | +0.61 |15 +31 064 [150 |106 Ep = 2T /9
65As(p,y)%%Se | 0.2 2.030 | +0.35 |6 +1.8 |0.70 43 |0.18

3 2.030 | £0.21 |21 +1.0 [0.77 18.4 0.71
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Requirements Arise from Science Requirements

= Science requires a broad range of reactions and reaction parameters,
not just some key reactions

* This translates into Technical Requirements:

* Transmission ~100 %

e Min. - Max. Magnetic Rigidity Bp 0.14-0.80 Tm

e Min. — Max. Electric Rigidity Ep 1.0- 19 MV
» Angle Accept., vert. & horiz. +/- 25 mrad
* Energy Acceptance +/-3.1 %

e Beam rejection from separator ~10-13

» Additional rejection from Detector System ~104

SECAR, Ref.: G.P.A. Berg, M. Couder et al, Nucl. Instr. Meth. Phys. Res. B 877 (2018) 87

s ECAR Separator for
2=~2R_~ Capture Reactions

G. Berg, Sept. 2018 JIOSS Lecture 4, Slide 5



Mass Resolution Related to Mass Resolving

Power
Mass Resolving Power: , _ _ (x|dm)  (x|dm)= M,, = Mass dispersion
(g) * 2X (x'|x) = My = Magnification
Image size 2%, = Target spot size
(x[|dm) Xpo = (x'|x) * 2xy + Higher Orders

Resolution: Ry =
XHO

* Image size xyo defined by lon-optical Calculations using the distance in the
mass-dispersive planes between extreme rays of 189 rays within an “ellipsoid”
given by the horiz. (A), vert. (B) angle, and energy (E) acceptances and the

horiz. (X) and vert. (Y) object sizes on target
A=B =+/-25mrad, E=+/-3.1%,and X =Y =+/-0.75 mm

a’*  b* 8E’ —
2Tt E <1

Rays in this
E Ellipsoid only

Separator for
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Mass Resolution Requirement

» Introductory remark:

The smallest mass difference for SECAR is dm/m=(66-65)/65 for >As(p,y)®6Se or a
mass separation of m/dm = 65. A resolution Ry, 10 — 12 times larger than m/dm =65 is
required so that the recoil events are not buried under the events of the beam tails.

Beam

= Definition: Tail

The Nominal Beam Rejection NBR is the ratio
of beam background events (yellow area) under
the recoil peak (+/- 20, 95% of all counts) and
the total beam events for a distance of D*c from Beam

Recoil
Center

beam to recoil peak center. Assumption Gaussiar enter T ———
distribution (o = Xyo) e e o T " eG
D* o _
= Mass resolution Ry, based on experience: < -

DRAGON Ry,=340-480 for A <30 and beam
rejection of 10-13,

SECAR designed for A<65 requires R, ~ 750 for a similar rejection.
Director’s Review, p.21: The criterion is reasonable.

of recoil events

» Mass resolution based on Nominal Beam Rejection NBR(D)
NBR(9.56) = 10183 reauires R... = 620

SECAR P Separator for
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SECAR Layout

= SECAR consists of:
» 2 \elocity filters (VF1, VF2)
» 8 Dipole magnets
14 Quadrupoles
1 Quadrupole+Hexapole Q1(+Hex)
3 Hexapoles

e 1 Octupole
X
II?)Fe):rector Target
JENSA
Plane
Z
2

Beam
Direction

' VF2 Y% Y
FP3 o PP
ot Y
R

Focal Planes: FP1, FP2, FP3, FP4

SECAR _~ Separator for
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lon Optics Optimized

Length

nnnnn

Effective Field-

Good-Field-Region

Section 4

1

27

Section 2 Section 3

[ SO
c i

Separator for
Capture Reactions

30

z/'m

40

~Section1 arget to FP1
Charge state Selection
Dispersive focus

Section2 -Plto FP2
Mass Resolv. Power R, = 747
Mass Resolution R, = 508
Achromatic focus

Section 3 =p2 tg EP3

Mass Resolv. Power R, =1283
Mass Resolution = 767

Disp. Ry4=0, focus R, =0

Section4  £p3 to Detl/Det2
Particle detection, HO correction
Cleanup section

Optimized up to 41 order, using

4 Hexapoles, 1 Octupole
Dipole edges up to 4" order

G. Berg, Sept. 2018 JIOSS Lecture 4, Slide 9



lon Optics e
Charge State Separation is Effective for Worst Case

Horizontal plane

Also checked that 1°O
beam (+/- 15 mrad) of
FP1 150(a.,y), does not hit
l electrodes or vacuum

]

F AV
ral

chamber

1R

FP2

CEOICT
R AT

C

SECAR _~ Separator for

- Worst case, fully stripped,
Q=1/33 Good separation at FP1
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lon Optics
Beam and Recolil Separation at FP2

Exit of Drift21_massSlits X 65As(p y)668e
1 | et et e = e ’
E=1MeV/A

107

102 4.5 108 | 45107 q=19
10° Recoils Beam particles

10+ c=19mm c=1.8mm = Monte Carlo simulation

10° assuming Gaussian

105 distribution

107
10°
10°
1071
10"
10772

1073

.“]-H||||||||||||||__||||||||||||||
0.15 01 0.05 ] 0.05 01 0.15

Normalized Counts

Separation: 21 mm

Horizontal Position X/ mm

Separator for
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Comparison with DRAGON

With Characteristic Rays of SECAR Design, Hexapole Optimjzed

m/dm=350 Resolving
: 600
| \ power

( 1st order)

—

g — Resolution:
340 - 480

....-_.

C RN |

e. rry LN

% !
) L

Angle accept.

< 20 mrad
N
___-—-—').f'-—-'\\“*-.
N, S s Ul
'—-_b—-_‘__—_-:::z*n
d e /':/
"—\\'\___f‘/'
N
IR [=T] Es
A [Py B R R R
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Extended Target, Effect on Mass Resolution

Table 3.5. Mass resolutions at FP3 for an object size of 1.5 mm as a function of
resonance location in an extended target of +/- 0.05 m

Resonance Image size Mass .
Location dz at FP3 Resolution Mass resolution > 540 at FP3

Unit of m Units of mm at FP3 for +/- 30 mm distance from
Target center

+/-5.14 437
+- 4.63 485
+-4.12 545
+/- 3.61 622
+/- 3.10 726
_ +/-2.61 863
+/-2.98 754
+/- 3.53 638
+- 4.07 552
+/- 4.62 486
+/-5.17 434

SECAR _~ Separator for
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lon-optics during the project execution

= OQverview ion-optical design requirements for science program

= l]on optical model allowed definition of specifications to ensure
system’s performance, critical mass resolution

= Verified vendor’s design of magnets that fulfilled all performance
requirements. Example B1, entrance EFB

= After construction, measured parameters including tolerances were
verified

= After installation, alignment locations and orientations were verified

* The final “realistic” ion-optical model including all measured
parameters will be used for commissioning, experiment planning and
operations

s Ec AR Separator for
_/ Capture Reactions G. Berg, Sept. 2018 JIOSS Lecture 4, Slide 14



Dipole magnet B1 — B8 Are Specified

= Normal-conducting, iron-dominated, water-cooled, H-type dipole magnets

» Bending radii: 125 cm Iron

= Magnetic field, range: 0.14 - 0.64 T Coi B L
s e

» Bend angles: 22.5 — 55.0 deg :

= Gaps: 60 — 100 mm
= Horizontal GFR: 100 — 200 mm
» Edge angles: 6.6 — 11.5 deg (vertical focusing), B5 exit -9.8 deg (vert. defoc.)

H-type magnet design

» Tolerances as required by ion-optics are specified and realistic
 Homogeneity: dB/B < +/- 0.02% in GFR (horizontally and vertically)
« Effective field lengths in GFR +/- 0.02%, Effective field boundary +/- 0.1 mm

= Higher order corrected entrance and exit edge boundary up to order 4

. Specifications for all dipole magnets are defined
" Soft magnetic iron (AISI1OO6) cold rolled and listed in Pre-Conceptual Design Report, see

also backup slide

s ECAR Separator for
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Example of Dipole Magnhet B1 Layoui

Charge B
Coordinate system Note: Access ports for diagnostics, slits,
of edge shapes NMR/Hall probes, 0 deg alignment
Zerodeg

/
Kﬁk‘;«;— ,'/ \\ - :
] .

o T Sl
S e "

|

200
\ BEAM IN

exits  z(x) = Y, Spi - x!

Dimgnostc Port
al Enfrance

entrances z(x) = Xi_;Sp; X'

» Entrance and exit edges shapes provide corrections up to order 4

SECAR _~ Separator for
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Design of Dipole B1 using OPERA 3D

Table 1: Summary of requirements specific to the B1 dipole and obtained design values.
The obtained effective length and EFE polynomial terms are averaged over the model

h!sulis at 15, 0 and 100% excitation.

Requirement or result Unit Mominal Obtained

Bending radius mm 1250 -

Bending angle 22.5 -

Maximum pole tip field T 0.64 0.639

Excitation ampers-turns per coil A-turns | - 16000 =¥
Excitation current in calculation A - 177.8 A

Horizontal good field width mm 200

Central field vanation in good field wadth |dB/E| | %% < 0.02 <0.018%

Effective magnetic length mm 490.9 £ 0.5 | 491.1 £ 0.2 Finger field Clamps GF%E‘%
Entrance s11 0.19 0.1%0 Figure 1: Opera-3D model of the entrance half part of the B1 dipole magnet.

Entrance s12 1/m 0.0025 0.0041

Entrance s13 1/m? 0.154 0.164

Entrance s14 1/m? 0.78 0.64 B

Exit s21 0.15 0.150 o | T 100

Exit s22 1/m -0.019 -0.0256 ——c0% 1

Exit =23 1/m* 0.147 0.128 T

Exit s24 Um® | 0.10 0.75 Tolerance

Table 2. Shows the obtained fringe field harmonics for the entrance

100% %% 15% Avr
=10 -0.2455  -02457  -0.2455 | 024558
11 0.1%0 0190 0.1 0.190
512 00060 00049 00013 0.0041
313 0174 0163 0157 0.164
514 048 0.69 0.76 0.64

Separator for

SECAR _~

Capture Reactions

-
E-{I 1 1
)
= ~0-85 1
GFR +
= -0.10
015
= (m}

Figure 6: The deviation of the effective field boundary variation from the nominal variation as calculated

for the entrance end at 15, 50 and 100% excitation.
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Measurement of Dipole B1,

Entrance EFB

Target Now I_\'eeded_avrl Need 2 ‘Shimdz  100% 80% 50% 15% Avr
s10 -0.24545 -0.24527 -0.00001 -0.00005 -0.0001 | -0.24558 | -0.24558 | -0.24572 | -0.24488 -0.24544 s10
511 0.19 0.189 0.0014 0.0055 0.0055 0.1886 0.1886 0.1886 0.1887 0.189 511
512 0.00215 -0.0004 0.0000 0.00000 0.0000 -0.0016 -0.0013 -0.0004 0.0132 0.0025 512
513 0.154 0.277 -0.0983 -0393 -0.3033 0.234 0.271 0.277 0.227 0.252 513
s14 0.78 1.191 -0.3249 -1.299 _]1.2004 1.08 128 1.19 0.87 1.10 s14
0-20
: | —e—100%
ol
Tolerance 80%
i
\S\ 7'} LA oY%
— u_héq"_m_‘ 005 i 1 5%0 ) !
. E h..r
‘E‘ T T
g -01 -0.08 -0.06
-
o
8-15
X (m)
SECAR = Separator for
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Quadrupole Magnets are Standard
Design and Specified

= SECAR consists of 15 quadrupoles

Typical design = All quadrupole magnets Q2 — Q15 are
210

standard design, normal conducting,
iron dominated, water cooled.
Exception: Q1 is combined quadrupole
plus hexapole
= Vacuum chamber (GFR) horizontally

typically larger than vertically, as
required by ion-optics, may require

# modified hyperbolic pole surface shape

95

SECAR _~ Separator for

Capture Reactions
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Q1 Design with Quadrupole and
Hexapole Exists

102 mm Aperture Combined Function
Quadrupole — Sextupole [1]

Front View

Quad Leads
w -L
5
5. Hexapole,
. radial |B] |
Quad Coils B . -
design by S. Chouhan ) Quadrupole
% radial |Bj|
{ 5 Fadility for Rare Isotope Beams S |
FRIB i\ ) k{‘_i;‘ggﬁ%:g:m:xgigyonmmSc-m.:o A. Zeller, April 2012 Lehman Review - B25, Slide 29

Hexapole dipole-correction leads on backside, not shown in this front view

SECAR _~ Separator for

Capture Reactions G. Berg, Sept. 2018 JIOSS Lecture 4, Slide 20




Examples Q1, Q2 Specifications

Parameter Quadrupole Magnet
Q1(Hex) | Q2
Overall length mm | 390 440 Specifications for all other quadrupole
Focusing strength T |29 132 g]agnetts are IIIStek()j |nkCon;:_3ptual Design
. eport, see also backup slide

Eff. field length mm | 250 300
Gradient Tim | -9.00 |441
Good field. horizontal = Combined function Q1(Hex) design

’ mm | 90 140 . .

: includes hexapole, design by S. Chouhan,
Aperture, diam. .

mm | 100 136 MSU, see next slide

Max. pole tip strength T _0.45 0.30

Maximum DC Power

kw |57 4.0
Maximum inhomogeneity 0.20% 0.20%
Iron weight, (approx.) kg 260 320
Horizontal pipe, inner diameter mm | 90 160
Vertical pipe, inner diameter mm | 80 100

s ECAR Separator for
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Hexapole / Octupole Specifications Defined

Type EFL/m Pole tip Aperture Power Approx. Horiz. Vert.
strength (T) | Diameter (m) | (kW) Weight (kg) GFR/m Vacuum
Chamber/m
Hex(Q1) 0.250 0.02 0.10 1.1 - 0.09 0.08
Hex1 0.260 0.02 0.22 0.5 200 0.20 0.14
Hex2 0.260 0.03 0.24 0.5 200 0.24 0.10
Hex3 0.260 0.08 0.18 0.5 200 0.16 0.10
Type EFL/m Pole tip Aperture Power Approx. Horiz. Vert.
strength (T) Diameter (m) (kW) Weight (kg) | GFR/m Vacuum
Chamber/m

Octl 0.260 0.02 0.18 0.1 100 0.16 0.10

Note: Standard design, air cooled coils are sufficient

SECAR _~

Separator for
Capture Reactions

G. Berg, Sept. 2018 JIOSS Lecture 4, Slide 22



Tolerances and Alignment verified to Ensure
System’s Performance

= TOLERANCES verified

 Tolerance of dipoles, homogeneity in Good-Field-Region (GFR) 0.02%,
0.1mm on EFL and edges shapes)

» Tolerances of quadrupoles, homogeneity in GFR 0.2%

» Wien filter magnet and electric dipoles design specifications, homogeneity
+/- 2*104

* lon-optical calculation determine tolerances for power supplies: Current
stability for dipoles: +/- 1*10-° for quadrupoles: +/- 1*104

 Current stability of Wien filter magnet power supply: < 1*104
HV velocity filter: ripple < +/- 1*10-4, drift over 8 hours < 5*104

* ALIGNMENT verified

* Tolerance of 0.1 mm in location and 0.1 deg in orientation angles of all
magnetic elements

s ECAR Separator for
_/V Capture Reactions G. Berg, Sept. 2018 JIOSS Lecture 4, Slide 23



Alignment (Example: DL1 - Q1 - DL2)

.NAME THEORETICAL CENTER THEOQRETICAL ORIENTATION ACTUAL CENTER
X Y z AZIMUTH SLOPE ROLL X ¥ z . .
i e Alignment data, A. Hussein
01 SECAR 306518015 525419071 51.279400 269955003 0.00D00DD 0.000000 30651812 525419 512794 Q1 and Al |g n ment G rou p
(02 SECAR 306.053015 525418705 51.279400 269.955003 0.000000 0.000000 306.05295 52542 51.27928 02

Bl SECAR 305079134 525.441959 51279400 281.204807 0.000000 0.000000 305.07916 525442 51.27929 Bl
B2 SECAR 303704208 526.010207 51.279400 202.704377 0.000000 0.000000 303.70426 52601 51.27925 B2

Implemented in COSY (DL1, Q1, DL?2)

CENTER ERROR (T-A) (Magnetic/Mechanic ORIENTATION ERROR
(it AY (¥ Ah [Yaw) AS (Pitch) AR (Roll)
DL @.80+8.000106; {pL1}
-0.000106  -0.000290  -0.000002 0.0435*  -0.0299° 0.0035* _
0.000068 -0.000838  0.000120 0.0620° 0.0496° 00252 TA -0.8299 -0.0435; {Pitch Yaw}
0000021 0000036  D.000112 0.0108° 0.0004*  0.0058° RA ©.80835; {Roll}
-0.000054  0.000007  0.000147 0.0044° 0.0044*  0.0012° SA @.000290 -0.000002; {x, y}
M5 ©.25@ -8.400180+0.0008 -8.004421+0.0041 @ -0.80318 @ 0.055; {Q1+Hex}
Global FRIB Coord, System X, ¥, Z COSY; Optic coor. System Xy, Z SA -B.0608298 B.808082;
RA -0.0035;
TA ©.8299 8.08435;
Transformation
BEAM X —»-2 DL @.19+8.00105-0.0000106; {DL2}
- Z—>y
¥ ool et
t Definition: Pitch, Yaw, and Roll
Y An aircraft in flight is free to rotate in three dimensions: pitch, + -~ Roll
nose up or down about an axis running from wing to wing; yaw,
ZisUp - nose left or right about an axis running up and down; and roll, |_ _
. rotation about an axis running from nose to tail. t |' * Yaw
m/dm = 481 at F2, 773 at F3 B4 PRiteh

howthingsfly si_edu

SECAR _~ Separator for
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Specifications of SECAR Velocity

Filters Defined

SECAR Velocity Filters

Good-field Horizontal mm +/- 110
Region Vertical mm +/- 35
Min. - Max. B field in GFR T 0.02 -0.12
Effective field length mm 2365
Pole gap, vertical mm 900
Pole width, approx.. mm 1020
Magnet B field, homogeneity +/- 0.0002 in GFR
Estimated power kW 50
Iron weight kg 12800
2 Coils Weight kg 2300
Max. E field in GFR kVim | 2.7
Max. Voltages on electrodes kV +/- 300
Effective field length mm 2365
Electrode gap, horizontal mm 220
Electrostatic Elef:trode height, \_/ertical mm 538 _
system E-field homogeneity +/- 0.0002 in GFR
Distance electrode to ground mm 141
Max. E-field in gap to wall kV/m |3.8
2 Electrodes, Ti, other material m approx. 1200 kg
Vacuum chamber, SS, non-magn. kg approx. 3300 kg
SECAR = Separator for

Capture Reactions
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Velocity Filter Design Completed

for Bidding Process

Optimized magnet iron/coil and electrode shape design meets all design requirements

3

18
Magnet iron l <
ojojojojojo]o Qofojojojofofo -
Sl // 170 /gggzzzz ’ Coll
OJojojojojojo ojofofefefe]e
oJoJojoJo]o]o ‘ 410 o|o]o]o]o]o]o
[
1‘Jr1 206
=]
2¢0 T
L5 =

Added iron improves I —
field in Good-Field- I N,

Region GFR Electrode @ GFR

l 410 oJoJoJojgJoJo
oJoJo]ojo
170

230

Dimensions in mm - Inner dimensions
Vacuum Box

Separator for
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Electrode and Magnet Ends Designed
for E/B = Constant in Fringe Field

1182.5
These shapes of the Electrode Wy -
and Magnet ends are required for CIEEEEEE
E/B = constant in the fringe field Coil % gﬁo
region.

N

Magnet iron

OJojlojojojo
o
e}
[e] [¢] (] [e] /el [e]

\
§ o

o
o] —135.1—

. Field Clamp
adjustable

viagnet Gep Vertical y

Beam direction, z

13p.0 Electrode Gap “%-0

W ELECTREI[V

=90, 31,0

Electrode )
Horizontal x

end

1182.%

WaCUUM CHAMBER WalL

s ECAR Separator for
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Fringe Field of E- and B-field Designed

for E/B = Constant

WF Magnet (ME08) and Electric (EE02C) Field Fringe = Special design of electrode and magnets ends
Field Comparison along Central Ray . .
011 to ensure constant v= E/B Velocity Filter
Do ERE e condition in fringe field region
Normalized E/B = 1 / s
007
‘f EEQ2C
. } 2
005
: /
003 e
001 //
T _4—'—}'1::‘/ T T
i 500 1000 1500 2000 2500
Z/mm

WF Magnet End pack, Ratio E/B

1.08
104

102

100 v—.
!

088 i
et [4 | o EEDZGM Ece.lz
094 5

092
080
088
058
084
082
080

E/B.

n:n.hu:nu

Q 500 1000 1800 2000 2500
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Wien Filter 1 during assembly at manufacturer

e
=l

SECAR _~ Separator for
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Wien Filter Magnet with yokes, coils and field
clamps

" -y

{ l - . .I._' e
. 2 T N ‘ : ' Il
o - ""—-_' _5!'} 2 E‘_ - 1 Il'f
L —
- : .
- - - |
= |

:I:-l n _ '
. o ‘ g '
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Wien Filter Electrodes installed in vacuum box

SECAR _~ Separator for
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Wien Filter with 300kV PS and Turbo pump

s Ec AR Separator for
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Wien Filter 1 exit with adjustable field clamp

EFB vs FC movement

& , ' ' Jll|l “TIp
- / | é ;E‘l V//A (5

L :: / _*-T
lll:Tl = E>
’iil -& =N FP2

|
S
u -

Field Clamp FC

maovement from pin hole

+21
20475

' ““““I I'"""‘

OO O O O W OO T W W

Alignment pinhole used as reference
for magnetic measurement system
and field clamp position

Ay A G T S

MANN

Hex3-0Octl support
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lon Optics, Summary and Path Forward

= The ion-optical model has been used during the design, construction,
measurement, and alignment phases of the project to update
measured fields (EFL, HO, tolerances, alignment) to verify systems
performance.

» This process is complete except for the Wien filters that are still under
construction.

* The updated ion-optical model will be used in the commissioning,
operation and experimentation, when all measured parameters are
Included.

* \We have scheduled, a Lecture Series on the Introduction in the lon-
Optics and a Hand-on Training for the ion-optical model of SECAR
using COSY Infinity for the benefit of the User Community, MSU Oct.
17 -21, 2018

SEC AR Separator for
2=~0R _~ Capture Reactions G. Berg, Sept. 2018, JIOSS, Slide 34



End Lecture 4



of All

D

00

le Magneis

Parameter

Corrected up to order 4, as

Bl

recommended by Director’s

Bending radius

Review

Maximum rigidity

Max. magnetic ficld B

Bending angle, to right

Central ray, arc length

Vertical gap, full size

GFR, dB/B <+/-0.02%

Pole width

Enftrance s

Entrance s12

Entrance s:3

Entrance si4

Exit s

Exit s22

Exit 53

Exit s34

Maximum DC Power

kW

Weight, approx.

kg
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Specification of All Quadrupole Magnets

Parameter Quadrupole Magnet
Q1 Q2 Q3 Q4 Q5 Q6 Q7 Q8 Q9 Q10 Q11 Q12 Q13 Ql4 Q15

Overall length

mm 390 440 490 490 490 480 480 390 440 400 480 440 440 440 440
Focusing strength

T -2.25 | 1.32 0.95 -1.31 0.88 0.61 -0.26 -1.25 1.50 -0.29 0.71 -1.29 1.62 1.20 -1.20
Eff. field length

mm 250 300 350 350 350 340 340 250 300 260 340 300 300 300 300
Gradient

T/m -9.00 | 441 2.73 -3.75 2.50 1.79 -0.77 -5.00 5.00 -1.11 2.08 -4.29 5.40 4.00 -4.00
Good field,
horizontal mm 90 140 200 140 100 290 270 100 120 180 240 140 80 120 120
Aperture, diam.

mm 100 136 220 160 120 280 260 100 120 180 240 140 100 100 160
Max. pole tip
strength T -0.45 | 0.30 0.30 -0.30 0.15 0.25 -0.10 -0.25 0.30 -0.10 0.25 -0.30 0.27 0.20 -0.20
Maximum DC
Power kw 5.7 4.0 4.7 5.2 1.7 6.4 1.0 1.0 1.8 0.6 49 18 1.6 1.0 1.0
Maximum
Inhomogeneity 02% | 02% | 0.2% | 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.2% 0.20% | 0.20% 0.20% | 0.20% | 0.20%
Iron weight,
(approx.) kg 260 320 1030 | 490 280 1060 450 160 290 210 800 280 270 170 170
Horizontal Pipe
inner diameter

mm 90 160 240 140 100 300 280 100 140 210 270 200 90 120 120
Vertical pipe
inner diameter

mm 80 100 140 120 100 100 80 80 80 80 80 150 100 80 100
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