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L.Gatignon, H.Gerwig, A.Hervé, A.Jeremie, M.Modena, Duste,
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Overview

The proposed CLIC detectors
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This work focus on theSiD design only We want to be sure
that the detector eld do not put at risk the correct functiang @

of the iron dominated nal focus quadrupole QDO.
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Overview

The CLIC SiD design

i Supporting
7 _tube

< CLIC SiD

Here the most important dimensions are shown. @b

SiD detector develops 5 Tesla at the interaction point.
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The two-dimensional model The rst models

What we started from?

A ferromagnetic QDO needs an active magnetic shielding teraje inside
the detector.

SZ A

An anti-solenoidhas been proposed since 2609 @ QB

!Detlef Swoboda, 6th MDI Meeting
A. Bartalesi (CERN) CLIC MDI FEMA - LCWS11 29th September 2011 6/ 34



The two-dimensional model The rst models

How we started?

We started making a nite element model with Angys and then we
moved to Oper&".

Experiment
solenoid

s 3

-H

Feasibility and beam dynamics impact were always consider &[b

while the integration process moved forward.

Antisolenoid
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The two-dimensional model Moving forward

How we proceeded?

While other groups nalized their own designs (experimeayolit,
alignment etc...) we modi ed the anti-solenoid to minimitiee resulting
eld in the region reserved for QDO:

@ We studied anti-solenoids made of 3, 4, 5 and 6 coils.
o We investigated tapered or other complex shapes of the.coils
o Also we looked for the optimum currents to use in each coil.

o Finally we considered to have a ferromagnetic shield (a) disto use
ferromagnetic materials for some nearby components.
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The two-dimensional model Moving forward

Magnetic ux results

Here are some results dated 17th December 2010:
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The two-dimensional model

A zoom in the QDO region

Moving forward

From previous slide, here is a zoom in our region of mayoréste
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Such results were already considered acceptable from thenlnamics
groug?, however we kept on improving the anti-solenoid for a cdar@D0

protection.

2As shown in B.Dalena, CLIC-note-886
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The two-dimensional model Moving forward

Multi dimensional minimization

A routine to optimize the currents in the anti-solenoid tommize the
residual eld on beam axis was set up.
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The magnetic contribution of each coil is multiplied by aiahte, summed
and integrated on the beam line.

The obtained parameter is then minimized in the 6 variablesmﬁ\/ m
to nd the optimum value of current to have each coil. aad
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The two-dimensional model Moving forward

Ferromagnetic disc

It was noticed that a ferromagnetic disc to be put in front dfet QDO
region could improve the magnetic shielding.

|

The second picture shows its bene t by means of a eld ma ‘\@/ m
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The two-dimensional model The latest 2D model

Where do we stopped?

Here is a picture of the latest version of the anti-solendidamed by a 2D
model, with the resulting eld map.
It is compliant to integration with all the surrounding sgsh.
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The two-dimensional model The latest 2D model

What we obtained?
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Shielding is working, even if we know that we could do bettetdking

some space from the neighboring systems.
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The two-dimensional model The latest 2D model

What we obtained in the QDO region?
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Even in the QDO region results are good enough for this stage.
Rather than improving furthermore the anti-solenoid desig

with this model, we preferred to proceed to the next step: 3@@5\ m
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The three-dimensional model The model description

Overview

With a 3D model we can include QDO, which was not representaigifore.

However, the simulation becomes much heavier.
(‘ERNi% dlb
\
~Z_

A. Bartalesi (CERN) CLIC MDI FEMA - LCWS11 29th September 2011 16/ 34



The three-dimensional model The model description

Two worlds, one model

The mayor challenge is the scale di erence:
Experiment outer radius = 7 m,
QDO aperture radius = 4.125 mm.
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The three-dimensional model The model description

Some features

Some informations about the model:
o a half of the experiment and a full QDO are modeled.
e almost 2.5 million elements, some of them quadratic.
e around 4 hours of computation time.
e conductors, ferromagnetic regions and permanent magnktatance.
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The three-dimensional model Using the model

First simulation

QDO attracts a high amount of eld: ) @b
new anti-solenoid parameteese required
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The three-dimensional model Using the model

Back to the design phase

The anti-solenoid was re ned using di erent techniques:
@ Trial and error current adjustment.
@ Trial and error coil shape adjustment.

There are some di erence from the previous design phase:
e Ferromagnetic disc is not performing as without QDO: it wasnoved

@ QDO iron regions are non linear: multidimensional miniriaa
routine isnot applicableanymore.

All the integration compatibilities were maintained, hoxge.
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The three-dimensional model Using the model

Residual eld (BZ) inside QDO

Excellent performance of anti-solenoid, GERN @9
still some issues due to saturation at the QDO extremity. e
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The three-dimensional model Using the model

Bz on the beam line

Here is what we obtained in terms of Axial eld:
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The three-dimensional model Using the model

Zoom in QDO region

Here is a zoom in the QDO area:
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The three-dimensional model Using the model
Br on the beam line

Here is the radial eld:
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Noise deriving from the nite element approximation is eandl @b

when the absolute value of BX are this low.
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The three-dimensional model Using the model

E ects on QDO gradient

Now we have QDO in the model, so we can evaluate its gradient:
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As anticipated, a degradation occurs in the extremity cleséP. =~
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The three-dimensional model Using the model

Can't we do better?

We can put integration aside for a moment and see what can weeae.

The results that follow, in particular, are still compatébivith the old space
allocation (picture on the left) but incompatible with thatest

pre-alignment design (on the right). G
@
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The three-dimensional model Using the model

Residual eld (BZ) inside QDO

Even better performance of the anti-solenoid, GERN @9
only a minor area of QDO is perturbed. e
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The three-dimensional model Using the model

E ects on QDO gradient

Here are the results in terms of gradient:
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Degradation is reduced, but still present. So far, the ongyw ﬁERNi% @b

we found to make it disappear was increasing L* by 30 cm.
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The three-dimensional model Resulting forces

Forces on the anti solenoid coils

Coil number FX FY Fz MX MY MZ
kN kN kN kNm kNm kNm

1 -331 -69 7170 -158 109  -359

2 -229 448 136 425 -1.89 0.208

3 -0.663 -7.46 107 -5.94 -1.47 -0.330

4 0.059 0.097 -1.41 -0.084 0.168 0.005

5 0.108 0.649 9.27 -0.018 0.011 0.031
It's impressive how forces on coil 1 never changed (\EfNJ

despite of one year of design iterations.
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The three-dimensional model Resulting forces

Forces and torques on QDO

FX FY Fz MX MY MZ
kN kN kN KNm kNm KkNm
QDO -8.29 0.729 -5.73 -0.783 5.58 0.078

Those forces could be almost zero with a better shielding. ffﬁ/ @9
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General conclusions and road-map

Our conclusions

From our simulations, we observed the followings:

o The anti-solenoidvorks QDO is substantially shielded.

o To have QDO working as speci cations, the anti-solenoid ipos
is imposedoy the problem itself, and it's slightly di erent from what
we have now.

e Forces and torques are high, but we are also con dent thatytiban
be handledin the anti-solenoid andirastically reducedn QDO with a

better shielding.
el
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General conclusions and road-map

Next steps?

What can we do next?

Integration we would like to cooperate with the MDI group to better
de ne the space allocated for the anti-solenoid.

Simulationswe are considering to split the 3D model in two parts to dete
more the QDO and better study its behavior when perturbec

Transients a dynamic analysis is also foreseen, mostly to understand

what can happen in case of a quench.
@
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Thanks

Questions and feedbacks are more than
welcome!

Thank you!
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Appendix

Antisolenoid dimensions [m] and current densities

IRON | v
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Section number 1 2 3 4 5
Current density 8® 235 150 38 20 A

Those dimensions refer to our best 3D simulation (“\ERNj% @b

and are compatible with the space we were given.
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