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Experiment Motivation

Testing the viability of an adjustable magnetic mangle Halbach array as a proof of concept
for electromagnet alternatives in accelerators

Goals:

e Replace electromagnets, whose energy usage is a contributor to climate change
e Safer to use near other electronics, like pacemakers, due to small external field
Modular design: cost effective (compared to electromagnets), reduces waste,

convenient



Magnet design: introduction

A mangle of 8 permanently diametrically-magnetized cylinders arranged in a circle to
produce either a dipole or quadrupole field

Modularity:

e By rotating the magnets, the mangle can be switched: dipole «<» quadrupole

configurations
e By moving the magnets radially inward or outward, the field strength can be adjusted

(a) Dipole arrangement (b) Quadrupole arrangement



Magnet design: determining optimal cylinder number

o As N, the number of magnets, increases, deviation from ideal magnetic
field decreases, but for very large N rotating each magnet becomes
impractical

e Performed simulations in ANSYS Maxwell and quantified the deviation of
the mangle’s field from the corresponding ideal field using RAE
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Magnet design: determining optimal cylinder number

e Performed simulations in ANSYS Maxwell and quantified the deviation of the mangle’s
field from the corresponding ideal field using Relative Absolute Error (RAE)

@ Dipole RAE (%) @ Quadrupole (RAE %)
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Final Stationary Array

- Goal: test the utility of
Halbach arrays as
alternatives to
electromagnets, and study the
effect of a changing radius

- Two Halbach dipole
arrangements, stronger
magnets — larger magnetic
field

Successfully Used in Beam Area



Goal: create on-the-fly radial and rotational
adjustment of our magnet

Updates: experiment handling safety,
structural safety

Final Experiments at CERN:
Explore stationary Halbach arrays
Update mangle with improved lock mechanism



Final Adjustable Array (Design)

- Goal: provide a proof of concept of a fully adjustable
magnetic mangle

- Magnets within casings, prevent involuntary
translational/rotational movement

- Rotation — casings slide radially, octagonal pins

Key can be f T

inserted and )
rotated to lock in Magnet Inside

place

Small Radius Large Radius



Final Adjustable Array (Fabricated)
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Successfully Used in Beam Area



Experiment design: Detector Setup

Setup 2: Characterise Halbach Magnet

Type Distance From Device Name Signal
Target [m]
QPole (Focusing) 34.501 QF [T10.QFNO35]
Scintillator 35.921 S0 [ZT10.BXSCI036] SO
QPole (De-Focusing) 37.520 QD [T10.QDNO38]
Cherenkov Thresh (Hi) 39.454 XCETO [ZT10.XCET040] co
Dipole 40.217 DH T10.DHZ040]
Door 42.000 et DOOr / Begin of Zone
Cherenkov Thresh (Lo)  43.640 * XCET1 [ZT10.XCET043] c1
Scintillator 44.090 S1 [ZT10.BXSCI044) S1
Halo Counter (as veto) or Dweco L6,R0,U0,D0,AVO, AHO
very small scintillator as DwC1 L1,R1,U1,D1,AV],AHL
Coincidence to only trigger
on particles that go through
the magnet's aperture S2 (HALO/SMALL) S1
1\ DUT / Halbach Magnet

in this setup, we can continue
to take data with the
cherenkov detectors for the
beam composition experiment
while fully characterising the
magnet in all its modes
(Dipole, Quadrupole, Mixed?)

DwC2 L2,R2,U2,D2,AV2, AH2
DWC3 L3,R3,U3,D3,AV3,AH3
SO <-> S3: ToF measurement S3 S3
for all particles -+
Calorimeter CAO, ... CA8

S4 should only detect muons S4 sS4



Stationary Mangle Longitudinal Flux Density Profile

B (mT) vs. x (m) from center
400

- Plateau in middle of

Flux Density (T) vs. x position (m)
mangle cavity

0.4
0.3
- Flux density drops off -
rapidly outside of z
mangle G
- 0.1
- Linear interpolation oo
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Predicted Magnet Deflection

- Given flux density B(x),
radius of curvature r(x)
Is obtained

- lterate over circular
arcs (1000 steps)

(xlv yl) - (010)

r(x) = £

4B(x) - Propagate to DWC2
position after exiting
6, = arcsin ~ (01 +0p2+ 0,5 +...6) magnet field

Tn

Xypq — X, + 7, COS (% = (01 +6,,+6,5+. ..01))

yn+1 —yn = rn (COS (en_l + en_z + en_3 +.. .01) — COS (gn + gn—l + 0,,_2 +0n_3 +.. .01))




Predicted Magnet Deflection - MC Error Propagation

- Gaussian distributions were generated {

for each source of error (e.qg. X_Cﬁordinate 1 [ Egt?mated }
x-coordinate measurement, teslameter without error position error

flux density measurement, linear
interpolation error). 1000

: step
Define and generate Model
true+error x coordinate iteration
- Truth+errors were generated according from gaussian
to the gaussian distribution for each line
of iteration. - ~
Deflection true+error 1D
trials per
L value ) momentum

- 100 trials for each momentum value,
true+error values were inputted to the e D

model, and stdevs were calculated for Overall deflection error

the output deflection distributions. _for given momentum




Results



T 8 GeV DWC Magnet Effects (Mhag™ 2-5 €M)

No magnet

Magnet

y position (cm)

y position (cm)

DWC2 Hitmap
6 DWC2
S 2 -..Tl-_. "2 | - T = Entries 36709
*ﬁ-\j‘hﬂ'l = Mean x -0.149 | |
== 'l n Meany  0.3768
ar StdDevx 2214
- StdDevy  2.046
i 50
2
[ 40
0
E 30
E LH
-2
:' =
4=
ad : 10
(o= = . L=
Fa=ras e =5 - = L
S il oo el I Pl A 2 0
°6 ~4 2 0 2 4 6
x position (cm)
DwcC2
'-I Entries 15930
Mean x 0.3019
,_’ i Meany 03744
Std Dev x 217
Std Dev y 2.066
= e
20
- =
L
u _-rl;. -
'1a..‘_-' iy
'1:'..-' [Ehs -
" =
e i
= g T
LI

4
X position (cm)

y position (cm)

-4

=5

y position (cm)

DWC2 Hitmap

Entries
Mean x
Mean y
Std Dev x
Std Dev y

DwcC2

9444
~0.1544
0.4192
2.201

4 6
x position (cm)

DWC2

Entries

Meanx  -0.6091| ,
4 Meany

Std Dev x
Std Dev y

0.3718

14311

2.189
2.037




m%%%m © ['s) < [ o — o %W%mw
S e g ' 5
8 § g 3 s
c a <
2 bl S
G ® G
3 . ]
2 a
= =
Q Q
© ©
E £
= =
T T
o o
. :
o o
“l (wo) uomsod A (wo) uomisod A
4y} S S N W
g83d4J
o o S [ R,
O — (¢} —
H 3 2 5
[a] -~ o =
c <
2 S
2 3
o o
a <+ Q
x x
o~
[oN o
© ©
E E
= =
T I =)
N o
g g
o o
o
i
<
i
_ ©
© < o o q 3 Aw_
(wo) uomsod A

(wo) uowisod A

No magnet

T 2 GeV DWC Magnet Effects (r

Magnet



T 1.5 GeV DWC Hitmaps with Adjustable Mangle Array
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Experimental vs. Predicted X Deflection ( ag 2.5cm)

Deflection at DWC2 (cm)
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Experimental vs. Predicted X Deflection ( ag 3.5cm)

Deflection at DWC2 (cm)
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Magnet design: introduction (cont'd)
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Magnet design: defining the corresponding ideal field

For each set of cross-sectional mangle field with a given N, we define the corresponding ideal
fields (centered at the origin) to be

de’p(xa y) — [07 B]
In the dipole case and
Bquad(xa y) — g[_x7 y]
In the quadrupole case.

The magnitude of the ideal dipole’s flux density, B, is obtained from the flux density at the array
center. The ideal quadrupole’s magnetic flux gradient, g, is obtained through a linear
regression.



Preliminary simulations - Geant4
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Preliminary simulations - Geant4 (cont'd)
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Figure 10: GEANT4 simulation: Normalized deflection angle distributions at
1.0 GeV and 2.0 GeV passing through the mangle dipole configuration.



