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.ea. Solenoid & Steel of SID .
L3

e What's Novel, Defined, Undefined

e HEP Solenoid Evolution

e Choosing an “"Existence Proof”

e Extrapolationg CMS to SiD: Coil, Iron
e Winding Design

o Steel Yoke Concepts

e Coil Stress Analysis

e Cold Mass Support Ideas

e Towards a Conceptual Design
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e a Getting Started... ne

B(0,0)=5T =+

° Novel

e Clear Bore @~5m;L=6m __

e >Stored Energy ~146J _ — | Large

e Laminated Iron Yoke, End Laminations not re-
entrant

Field Homogeneity not specified
e Radiation Transparency not specified

e "Fallback” field (below which physics is
compromised) not specified
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.e a. History of HEP Solenoids #
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e Quench Safety..
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Solenoids

e e Recent High-Field HEP 3
.

e High Field, Large Size create many challenges
¢ Look for Proof of Principle!
+ Only "High Field” Operating Solenoids at 2T: DG, Atlas;
at 3T: AMY
. fgasest is (may be?) CMS: 4T, 2767, D =6m, L =
m
e Develop Preconceptual Design "Along Lines of” CMS
+ Expedites Approach to Credible Conductor/Winding
Designs
¢ Credible Engineering Approach for Industrial
Fabrication
¢ Credible Cost Estimates

e Not Inappropriate to examine AMY approach
(cryostable; mixed Al/CU conductor)
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'ee' CMS Conductor Design #

e Aluminum Stablized (low
magnetoresistivity)

e Aluminum Reinforced (high
s1'r'eng1'h) BORD Al Allay Feirdarcement
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@9~ cMS Winding Design ——
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e CMS Coil wound in 5 separate Modules, each 2.5 m long
e 4 Winding Layers (108 turns/layer)

¢ 2.7 km long conductor length (one per layer) => no joints in layer:; all on coil
oD

+ Interturn insulation 0.64 mm, Interlayer 1.04 mm
e Outer "Support” Cylinder for “"quenchback” quench safety, supports

external forced-flow (two-phase) cooling via thermosiphon; provides
anchor points for cold mass support links
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e G P

S1D Half-coil 6 layers x116 t/1
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-ee- Specifics for SiD #

e Choose 6 layers (tradeoffs), "derate” CMS conductor t0 5.8 T
peak field (vs. 4.6 for CMS). I (CMS) = 19500; I (SiD) = 18000.
¢ Critical current Ic(4.2K,Bpeak) derates 46900/59000 ~ 0.79
+ Iop derates ~ 0.92
+ Stability expectations require modeling: 32 CMS strands => 34 for SiD?
e Have one module per coil half
+ Bolted joint at Z = O for easy assembly, transportablilty
¢ Conductor length OK: Winding prestrain > CMS though
+ Winding, vacuum impregnation per CMS
e Outer support cylinder per CMS, except 60 mm thick
e FEA studies for Energization stress, conductor strain; Cooldown
stresses
e Stored Energy per Kg cold mass (<CMS) = quench safety ~OK?

e Cooldown, Energization Stresses and Strains OK ?
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.ee. First ANSYS 2D, 3D Modeling
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-ea. Field Variation in Central Region
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.e a. Field Variation in Tracker Region  ml s

. J

SiD ANSYS 2d
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Everything Hangs

S ting the Steel, Off Which
: ee- upporting the Steel, Off Whic #

. J

e Muon system/Flux Return: 10 cm thick Iron, 5 cm chamber gaps
¢ Overall Octagonal Shape of Barrel Yoke; can "tile” chambers at

vertices for hermiticity

¢ Barrel Octagon Layers Spaced/Supported by Staggered Corner Gussets
o Allows Insertion of Muon Chambers from Alternate Ends, “tile” at

centerline

Corner Plates
tie barrel shells
together

Resulting Structure
shows acceptable
deflections (~0.3 in)
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.ea.

FEA: Stress, Strain
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Behavior

e e Comparison of Hoop Stress Ll
.

Assume solenoid behaves as thin-walled cylinder under
internal pressure, with P = B2/2y,

Define figure of merit as B2r,/t,, where B = central field,
r, = mean coil radius, and t, = thickness of aluminum

For CMS: B = 4T, r,, = 3.26m, t, = 0.325m: FOM = 160
For SiD: B = 5T, r,, = 2.87m, t, = 0.453m; FOM = 158

Hoop stresses should be very similar for both solenoids
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Behavior

e e Comparison of Axial Stress *

The smaller aspect ratio of SiD (L/r,= 1.8 for SiD, vs. 3.8
for CMS) makes it more likely to experience larger axial
compressive forces due to field wrap-around at the ends

As measure of axial stiffness, calculate r t /L

SiD solenoid r, t,/L = 0.25 ; CMS solenoid r_t,/L = 0.085

The SiD solenoid is about 3 times stiffer axially relative to
magnetic forces applied at ends

SiD is likely to experience higher axial forces, but lower
axial displacements, compared to CMS

LCWS05 SLAC Mar 21, 2005
RP Smith, R Wands FNAL/LCD Study Apr 21, 2005



17

.ea. Cooldown Radial Displacements
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.e a =  Cooldown Axial Displacements -
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centerline

solenoid axis

Energization Radial
Displacements

units = mm
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-ea. Energization Axial Displacements
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Von Mises Stress in HP Al, Cold
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Compare CMS, SiD Cooldown+ #
'e e ™  Energization Stresses, Displacements ¥

: . CMS
QuanT'Ty SiD (from Desirelii CERN; Pes SACLAY)

Von Mises Stress in High-

Von Mises Stress in
Structural Al 165 Mpa 145 MPa

Von Mises Stress in
Rutherford Cable 132 MPa 128 MPa

Maximum Radial Displacement 5.9mm ~5mm
Maximum Axial Displacement 2.9mm ~3.5mm
Maximum Shear Stress in 22.6 MPa 21 MPa
Insulation
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Stored Energy

C CMS, SiD D tering F ,
: e e _ ompare iD Decentering Forces #

. J

Quantity SiD CMS
Radial Decentering 38 kN/mm 38 kN/mm
Axial Decentering 230 kN/mm 85 kN/mm

Stored Energy 1.467 2.8 67

RP Smith, R Wands
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.ee_ Cryostat, Cold Mass Support
Design Concepts

Requirements
e Cold mass support - 130 Mt

e React decentering forces,
seismic, cooldown, steady-
state operation

CMS Concept

e Thin metallic rods
preloaded in tension

e Axial rods for axial loads

e Vertical rods for dead
weight

e Additional tangential rods
(in preloaded pairs) for
radial loads
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. - Overall D -
ea verall Detector =
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- - - o
e e Conclusions ne

e Need iterations with Detector/Physics Groups to select
“most probable” performance parameters

+ How fo "Open” detector ?

¢ Must Detector Roll "off beamline” ?
¢ Compensators (dipoles/solenoids) ?
L 4
o

Final Focus Quads?
EndCap Steel Details

e Need Overall Management Plan which leads to
Preconceptual Design, Cost Estimate

e Continue to Look for "Show Stoppers”, Cost Savings

e Collaborative Effort among Engineering
Teams/Institutions/Physicists
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Machine Issues (Seryi SLAC, Parker #

o e

SLAC-PUB-11038

Novel Method of Compensation of the Effects of Detector Solenoid on the Vertical
Beam Orbit in a Linear Collider

Brett Parker
Brookhaven National Labomtory, P.O.Bozx 5000, Upton, NY 11973%

Andrei Seryi
Stanford Linear Accelemator Center, P.0O.Box 20450, Stanford, €4 943097
{Dated: January 19, 2005)

This paper presenta a method for compensating the vertical orbit change through the Interaction
Region (IR) that arises when the beam enters the Linear Collider detector solenoid at a crossing
angle. Such compensation s required because any deviation of the vertical orbit causes degradation
of the beam size due to synchrotron radiation, and also because the nonzero total vertical angle
causes rotation of the polarization vector of the bunch. Compensation may be necessary to preserve
the luminosity or to guarantee knowledge of the polarization at the Interaction Point (IP). The most
effective compensation ia done locally with a special dipole coil arrangement incorporated into the
detector (Detector Integrated Dipole). The compensation is effective for both ™ e~ and ¢~e~beams,
and the technique i3 compatible with beam size compensation either by the standard method, using
skew quadmipoles, or by a more effective method using weak antizolenoids.
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Machine Issues (Seryi SLAC, Parker
BNL)

o

. J

RP Smith, R Wands

VI. CONCLUSION

A special dipole can be added in the Linear Collider
IR to correct the effect of the vertical deflection cansed
by the beam passing through the detector solencid field
with a horizontsl crossing angle. To be most effective,
the correction (Detector Integrated Dipole) needs to be
local, and thus is incorporated into the detector solenoid
winding. The DID corrector cen be used to compensate
for rotation of the beam polarization or to minimize the
beam size growth due to synchrotron radiation. The so-
lution presented uses the DID Corrector to provide local
compensation of the orbit and works both for e*e and
e e cases. his method iz compatible with beamsize
compensation using weak antisolenoids. The DID cor-
rector can also be used for upgrades of other colliders,
such as B-factories.
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Machine Issues (Seryi SLAC, Parker
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Compensation of Detector Solenoid Effects
on the Beam Size in Linear Collider

Yuri Nosochkov and Andrei Seryi

Stanford Linear Accelerator Center
Stanford University
2575 Sand Hill Road
Menlo Park, CA

Abstract: In this paper, we discuss the optics effects of the realistic detector solenoid
field on beam size at the Interaction Point (IP) of a future Linear Collider and their
compensation. It is shown that most of the adverse effects on the IP beam size arise only
from the part of the solenoid field which overlaps and extends bevond the final focusing
quadmpoles. It 1s demonstrated that the most efficient and local compensation can be
achieved using weak antisolenoids near the IP, while a correction scheme which employs
only skew quadrupoles 1s less efficient, and compensation with strong antisolenoids 1s not
appropriate. One of the advantages of the proposed antisolenoid scheme is that this
compensation works well over a large range of the beam energy.
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Machine Issues (Seryi, Nosochkov
SLAC)
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FIZ, 2 Optics of the MNext Linear Collider Beam Delivery
Svstem nesr the [ntsraction Point showing betatron func-
tions {(top plot) and horizontal dispersion (bottom plot). Lo-
cations of the Final Doublet magnets are shown, including
quadrapoles QI and QF1, sextupoles SDO and SF1, oc-
tupoles 00 and OO, skew quadrupols S03 and optional
wvertical corrector BXCOR.
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Machine Issues (Seryi SLAC, Parker
BNL)
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FIG. &8: Horizontal field on the beam axis (top plot) and the
beam orbit determined by tracking (bottom plot) in three
cases: a) bare SiD (no antisolenoid) and DID strength is op-
timized to minimize SR beam size growth — blue thick line,
Agy” = 0.034 nm; b) SiD} with antisolencid {parameters from
[1]) — red line, Acog” = 0.83 nm; c) SiD with antizolencid opti-
mized to minimize SR effects — green dash-dotted line, Acy" =
.33 nm. In the last two cases the IP angle 5 compensated
by the DID, FD offsets and BXMID without introducing any
linear or second order dispersion.
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FIG. 6: Horizontal field of the Detector Integrated Dipole
(DID) for the SiD} detector. The DID strength is optimized
to zero the IP vertical angle (blue line) or to minimize the SR
vertical beam size growth (red line) in the case of bare SiD»
without antisolenoids.

oosk | — Solencid

|I1‘I _,.o-—l— — -
: — DID+Cuads Qoo i
— - Temal o ..__‘['.-”-,':J,__H
B o - - T

B (T}

(] |

|__ - -
= >

¥ (W)

1]}
=20
_\40_ -
o - - —4 -z ]

= {m}

FIG. 7: Horizontal field on the beam axis (top plot) and the
beam orbit (bottom plot), the IP angle has been compensated
using DID and offsets of QDO and QF1 quadrupoles. The
orhit i3 determined by tracking. The beam sime growth from
synchrotron radiation is Acy”™ = 0.26 nm.
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Machine Issues (Seryi SLAC, Parker
e9- vt o

. J

V8D Outline: Final Doublet, Anti-solenoid &

International

mearconier EXtraction Line Magnets for the ILC.

Final Doublet:

* For 20 mr X-ing Scheme we propose that QDO and first extraction compensator
magnet use He-II (1.9°K) cooling for extra compact coils (they start at same L*).

* CAD layout in progress; capture details needed for energy deposition calculations.

* First estimation of cooling capacity: give feedback for E-Dep' and cryostat design.

Anti-Solenoid:

* More details of Anti-Solenoid design have been elaborated and field calculations
for practical coils surrounded by laminated yoke (SiD geometry) were completed.

* Preliminary space allocation made; now examine MDI issues (anchor 15 Ton force).
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Machine Issues (Seryi SLAC, Parker
ol o

.ea.

B Very compact QDO and QEX coils side-by-
e side & both having fringe field compensation.

. J

Need only 6 cable layers to  QOperate at 1.9°K (pressurized HE-I)
achieve 194 T/m QDO gr‘admn:l'.

! Have 31 mm :_._ QEX with 42 T/m.

AN l.-.;.:-‘l n i [Wil tu cuil] i y e
LT y LN : i l..:-:; i -\.'_.\.._h
] \ F/ R ‘l\"*
i 1 [ 3 =
£ e TEEEEEE b :
> a0t _I!\, ::_ ' il-. : -
o — kY LY i
5D “'-":',;. :w: -f:'
L 5 20mrx3.8m fur
~g 76 mm separati on .
=0
0 u:!n 5 W nn Wi = T mr [T =0 ™ T Wb
X ()

Both magnets have dipole, skew-dipole and ~ CoOil Separation @ 3.8 m
:ﬁl:w-quud' wlndln_g: to EﬂMFlﬂlﬂ'fl: fr.'ngi with 20 mr K-Iﬂg angle

and detector fields (outbound beam & DID).
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Machine Issues (Seryi SLAC, Parker
€9 I

VD But can we direct wind coils with 6-around-1
lmacoise cable at such a small bend radius?

Quadrupole pattern with 1 mm cable
0 wound on 25.4 mm diameter tube. Idea was teo try
Ye’ . “semi-automatic”

winding with a
mechanical asz=i=zt
for the first +urn.

By the third corner John Escallier had
found precess parameters that weorked
for automatic winding of the rest of
the coil (two layers were wound).
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Machine Issues (Seryi SLAC, Parker
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.ea.

. J

O3

mermationss OVErview of QDO Design for 20 mr X-ing.

Limear Collider

LINEAR COLLIDER

PROPOSED I]EI'.‘M EIF E.FEEEIIH[H.E“H: JLUADH IPOLE

_—~",—,—,——

Lines of sight to IP with
20 mm crossing angle
as indicated.

Edge of extraction line
magnet.

Here the QDO cryostat is circular in cross
section but it is tapered along its length. A
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(Seryi SLAC, Parker
ol o

. J

b il Energy Deposition & Superconducting Coils.

Intermnational
Limnear Collider

Super Septum Design Challenge

Muzt be careful with energy
depeszitien in a superconducting
magnet. For zeme cazez even a few
wattz heating can be significant.

Fer the zuper septum magnet we
need to protect the zeptum region.

Magnetic Yoke

ol
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i
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E.
:-'ﬂ
et
Bl
s

RP Smith, R Wands

ILC BDS Meeting, March 15, 2005 B¥cHIC
Takashi Maruyama -

QEFAZ[1] I."

QEFX2[2] was
remowed from

L d-|Charged Baam CNER the lattice.
| Symrad

Even if the main part of the disrupted beam

and beamstrahlung pass cleanly, there can

be synrad hits from upstream magnets.

Adwvice: Only go with a superconducting
magnet when sure that a normal
conducting or permanent magnet
solution 1s not practical or mot
desirable for some reasomn.
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V3

mematons ANTi-Solenoid Design Developments.

Limear Collider

Er wr Z abong the ideal beam axis

Anti-Solenoid Split Into Four Subcoils 5
=10 +1I * Bare 50
= It mach subcoil has the sama P [P —
I,=1_ -1, + 1, number of tums, than overall = & '
1 =1-1,-1 sirengtn is determined by b 1| Foew cxsild antiscbencid, cak: ilaiad fadd
€ o 1 ! Modity width wia trim h and o am
asymmaetry wia btrim curnent Iy A
o 1 z 3 4 5 E
' Br v Z along the idesl bear axis
i1
IS
]
=[0G
-0 i - 3 4 5 B

£ im)
Field approximation by formula: o o, = 1.38

Four solenoids w

A @ +/-124 mm Calculated (in air) coils: g /o, =1.45

B +370 mm
C % -370 mm (not using the current knobs)
L, = 240 mm, R, =190 mm For comparison: without anti-solenoid
! Vlinner P 1
Thickness = 6 mm, J = -200 Aimm? O e o T or LG peraers
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O D Anti-Solenoids+DID: Compensate Beam Size,
tner conie VIinimize IP Angle and SR Beam Size Growth.

Linear Collider

T T T
3 = G0 & snimckescid

i3S F
== B & aidmolesckd iv.3}
i
o 0
305
i i
L | 4 1] [} T B
T imj

FHZ. 3 Longitudinol and rodial magnetic Seldd in SilF cal
culnted by ANSYS, without and with the woeak antisolersald
which enmeels the bewn distoetions t'llll]lll'\-\.l. b thie elitasetis
sabenodd, The red line shemrs the field wdth the antisclensidd ps-
rameters puppested in amd the green dot-dashed line shows
the field with anotber configaration of the antisclenoids, op
timlred to redece SH effects [see text). The radial fleld
i# ot the nominsl beom trajeciory with balf cressing ongle
8 I} mrad. Locstions of the Final Doublet clements
|-c|ll.'.l|l .||.q.l|\.'- D00 amnd I.E'|'|. '-I.'.'H.I.Lll!.!..l.' S, I\.I-L:|||.l.l||.' (S i)
mnd sn cgtionnl dipale cerector BXMITF) are alse dhown.

The IP @ &t = 0 .,

RP Smith, R Wands

(D)
1%
=
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=
" o

“a 0z 04 0.8 nE
VN1 g w5

FIi=. Virtical angle at the 1P [top} snd the bosm
s growih ddue te senchrotron redinison (ottom}, vemsus
:-'|l'||:_I|| of the DD corrector, withont aontisclencs] [ chick
Bl line), with the antsolmold with parameters saggestal
in [1] fred line). and with the amtisolemedd optimized to o

dilee the BR affiarrs | BTaaiil ssli-ilotrad | e .

SLAC-PUB-11038

(Position of antisolencids was not exactly the
same as in latest layout, but very similar)

LCWS05 SLAC Mar 21, 2005
FNAL/LCD Study Apr 21, 2005



Machine Issues (Seryi SLAC, Parker
ol o

. J

E?. MDI: Anti-Solenoid Design Challenges.

Limear Collider

When anarga‘ zed

=11) Enacar 0] d=
intilindinimiilintm
End r— = e T IP End —
Cryostat Envelope Shown in Gray 4
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the anti-solenoid
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generates ~15 Ton

lengitudinal force
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Need an anchor point

directed away from IP

Active length = 1220 mm,
Connection to bring leads and 1700 mm budget has 150

cooling infout. mm at I[P end and 330 mm

™ Place this at top to stay out of the A ETa. War o el
X, way of QD0 support structure? Hﬂgﬁ:;ﬁ?ﬂitﬁ !ﬁ]idm";::":

0 mm i i r. C

budget {cryngenic iow issues?) Do this with set of 20 mm

. dia., 160 mm long G10
Ring cryostat, ID = 316 mm & rods put in compression

OD = 456 mm, that is anchored to  and uniformly spaced on
Cryostat - ioid yoke? cold mass end flange.

Cartoon A
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memationa Special Magnets for 2 mr Extraction Line.

Limear Collider

There are places where
beams are not well separated
but we need to focus one and
not deflect the other. This
happens frequently along the
2 mr X-ing angle extraction
beamline.

If the field at the conductor
is low enough, then we can
With beam pipes, consider making a thin
superconducting coil via the
direct wind technique. Then
we surround this coil with a
magnetic yoke that has a hole
for the “reduced field" rlgm

thickness = 22 mum
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