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Detector Integrated Dipole DID
Paper from B. Parker and A. Seryi: PR ST 8, 041001 (2005)
• At this time ILC had still 20 mrad crossing angle

Conclusion:
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edges, schematically shown in Fig. 1. In the case without
compensation, the vertical deflection is caused by the edge
kick ! ! !cB0L="2B"#, which occurs when the beam
enters the solenoid off axis at !cL, and also by the kick
linearly distributed in the body of the solenoid. Here !c is
half of the crossing angle, L is the half-length of the
detector solenoid, B0 is the solenoid field, and B" !
pc=e is the magnetic rigidity of the beam. The body kick
integrated from the solenoid entrance to the IP is equal
to $2!, which is twice the edge kick, and since the
body kick has half the lever arm, the resulting vertical
offset at the IP cancels exactly (see also Refs. [1,2] for a
rigorous proof). The remaining vertical angle at the IP is
nonzero and equals $!. The maximal deviation of the
vertical orbit before the collision is !L=4. The vertical
angle of the extracted beam, which passes through the
entire solenoid, is $2! and the vertical offset at the exit
is $3!L.

Let us first discuss the impact of the vertical orbit on
luminosity. In the case of e%e$ collisions, which is ex-
pected to be the primary mode of operation of the Future
Linear Collider, the vertical angles of the opposite beams
are antisymmetric, so the beams collide head on and do not
experience any loss of luminosity. In the e$e$ option, the

trajectories are symmetric and the vertical crossing angle
must be compensated to preserve the luminosity. Such
compensation can be done either with rf cavities to provide
vertical crab-crossing, or with the DID corrector method
discussed below. In both cases, the vertical deflection will
cause growth of the beam size due to synchrotron radiation.
The detector integrated dipole can be used to minimize this
beam size growth as well.

In addition to luminosity considerations, it may be de-
sirable that the IR optics preserve the beam polarization
(the e$ or possibly both beams will be longitudinally
polarized), as discussed in Ref. [3]. A change of the
beam orbit by an angle ! causes the orientation of the
polarization vector to rotate by #!"g=2$ 1# due to the
anomalous magnetic moment of the electron. In the ex-
ample shown in Fig. 1, with ! & 45 $rad, the polarization
vector rotates by about 1.5', producing a difference be-
tween the polarization at the IP and that measured at an
upstream polarimeter. Although this spin rotation could be
predicted rather accurately, in practice for certain precise
physics measurements with either e%e$ or e$e$, one
would benefit if the vertical angle at the IP were compen-
sated to ensure accurate knowledge of the beam polariza-
tion. Crab-crossing compensation is not adequate in this
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FIG. 1. (Color) Illustration of e%e$ and e$e$ collisions in a detector solenoid field with sharp edges (schematically shown in the top
plot) without (middle) and with (bottom) compensation of the IP angle by the detector integrated dipole and two external correctors.
The model parameters are L ! 3 m, !c ! 10 mrad, B0 ! 5 T, beam energy 250 GeV. The uncompensated vertical angle at the IP is
approximately 45 $rad. The compensation kicks are shown on the top plot by the blue arrows; they are located at z ! (2 m and
z ! (5 m and their magnitudes are 75 and 30 $rad. The IP is at z ! 0 m. Outgoing beams are shown by thick dashed curves.
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Compensation of the effects of a detector solenoid on the vertical beam orbit in a linear collider
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This paper presents a method for compensating the vertical orbit change through the interaction region
that arises when the beam enters the linear collider detector solenoid at a crossing angle. Such
compensation is 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 is necessary to preserve the luminosity or to guarantee
knowledge of the polarization at the interaction point. The most effective compensation is done locally
with a special dipole coil arrangement incorporated into the detector (detector integrated dipole). The
compensation is effective for both e!e"and e"e"beams, and the technique is compatible with transverse-
coupling compensation either by the standard method, using skew quadrupoles, or by a more effective
method using weak antisolenoids.
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I. INTRODUCTION

The future electron-positron International Linear
Collider (ILC) requires high luminosity which can only
be achieved by colliding very small nanometer scale
beams. In the earlier linear collider (LC) projects, Next
Linear Collider/Global Linear Collider (NLC/GLC) and
TESLA, the beam sizes at the interaction point (IP) were
!x;y # 243; 3 nm and !z # 110 "m for NLC/GLC, and
!x;y # 554; 5 nm and !z # 300 "m for TESLA .

The design of the ILC interaction region (IR) is con-
strained by the often conflicting requirements of providing
strong focusing for the incoming beam, acceptable back-
ground environment for the experimental detector, and
clean extraction of the outgoing beams. The ILC is speci-
fied to have two IRs, at least one of which will likely use a
small (up to about 20 mrad) crossing angle in the horizon-
tal plane to facilitate extraction of the outgoing disrupted
beams. The crossing angle allows separate incoming and
outgoing beam lines, which can be optimized indepen-
dently. The second IR must additionally be able to accom-
modate ## collisions, which require a slightly larger
crossing angle, up to 20–35 mrad.

When the horizontal half crossing angle $c is larger than
!x=!z, a crab-crossing technique is required in order to
preserve the overlap of the beams in collision at the IP. Two
rf cavities located several meters upstream of the IP on
both beam lines introduce a kick correlated with longitu-
dinal position within the bunch, so that the bunches rotate
and fully overlap at the IP.

The horizontal crossing angle means that the beam
traverses the magnetic field of the detector at an angle
and thus will be deflected into the vertical plane. The
change in the vertical orbit causes degradation of the
beam size due to synchrotron radiation (SR), and also
causes rotation of the polarization vector if the total verti-
cal angle is nonzero.

This paper discusses both these effects in the context of
the NLC design with $c # 10 mrad and presents possible
methods for compensating the vertical angle at the IP and
minimizing synchrotron radiation effects. Local compen-
sation using a novel dipole coil integrated with the detector
solenoid represents an optimal solution, and is effective for
both e!e"and e"e" beams. The results will scale with
crossing angle for the ILC.

The paper is organized as follows. In Sec. II we discuss
the effects on the vertical orbit using the approximation of
a detector solenoid with sharp edges. Synchrotron radiation
effects due to the vertical deflection and the resulting beam
size growth are considered in Sec. III. For a realistic case
with the silicon detector, a technique for compensating the
vertical IP angle and minimizing SR effects using a detec-
tor integrated dipole (DID) corrector is presented in
Sec. IV, where the compatibility of the vertical orbit com-
pensation method with the beam size compensation by
means of the weak antisolenoids suggested in Ref. [1] is
also discussed. Finally, design considerations for the de-
tector integrated dipole are given in Sec. V.

II. VERTICAL ORBIT IN THE SHARP-EDGED
SOLENOID APPROXIMATION

To illustrate the magnitude of the vertical orbit devia-
tion, one can consider a detector solenoid field with sharp
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 From DID to Anti-DID
Parker/Seryi reacted quickly to the Snowmass 
discussions on detector backgrounds: SLAC-
PUB-11662

Crossing angle was reduced to 14mrad
• SR effects were strongly reduced
• beam angle could be corrected with other magnets 

in the final focus

Changing the polarity of the DID to Anti-DID turns 
the device from a „machine requirement“ to a 
„nice-to have for the detectors“

Significant reduction 
of energy deposited 
on BeamCal
• Interesting for 

searches for BSM 
physics
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Abstract 
In this paper, we discuss optimization of the larger 

crossing angle Interaction Region of the Linear Collider, 
where specially shaped transverse field of the Detector 
Integrated Dipole can be reversed and adjusted to 
optimize trajectories of the low energy pairs, so that their 
majority would be directed into the extraction exit hole. 
This decreases the backscattering and makes background 
in 14mrad IR to be similar to background in 2mrad IR. 

INTRODUCTION 
In the machines with crossing angle, the detector 

solenoid field results in a deviation of the vertical 
trajectory and in a small vertical angle at the IP (about 
100 Prad for crossing angle of 20mrad). This angle is anti-
symmetrical for e+e- machines and does not affect the 
luminosity. The vertical angle at the IP also causes 
rotation of the spin by about a degree resulting in a 
misalignment of the spin orientation at the IP with respect 
to the upstream polarimeter.  The Detector Integrated 
Dipole (DID) is a pair of coils wound on the detector 
solenoid which creates sine-like transverse field, giving 
the possibility to adjust the beam trajectories near the 
interaction region [1]. The DID was originally suggested 
as a way to compensate the vertical angle at the IP, as 
illustrated in Fig.1, and avoid spin misalignment.  

 
Figure 1: Compensation of the incoming beam vertical 

angle at the IP with DID and dipole corrector of the QD0 
quadrupole. Field acting in Y (top) and vertical trajectory 
(bottom). SiD detector, crossing angle 20mrad, IP at z=0. 

The DID field creates U-like distortion of the central 
field line of the detector solenoid, and compensation of 
the vertical angle of the incoming beam is in fact 
equivalent to aligning the field line, effectively, with the 
incoming beam. This increases the transverse field seen 
by the outgoing beam, in particular the beamstrahlung 
pairs. The high energy pairs continue along the initial 
direction of the beam, while the low energy pairs spiral 
around the field line and disperse, as shown in Figs.2-3. 

 
Figure 2: Distribution of pairs at 3.5m from IP in SiD 

detector when DID is used to compensate the vertical IP 
angle of the incoming beam. The incoming and outgoing 

apertures are shown by magenta and green colors.  

 
Figure 3: Trajectories of pairs coming from the IP in SiD 
detector when DID is used to compensate the vertical IP 

angle of the incoming beam. The high energy pairs follow 
the beam axis (green dashed line) while the low energy 

pairs spiral around the field line (red dashed line). 

Large spread of the pairs on the face of BEAMCAL 
resulted in backscattering and increase of background 
photon hits in TPC (Time Projection Chamber). The 
number of photon hits in TPC increased several times and 
the effect was especially dramatic when the outgoing 
aperture was not optimized [2]. 

The technology of compact direct wind SC magnets 
allows reducing the crossing angle to 14mrad [3]. With 
reduced crossing angle, the synchrotron radiation (SR) 
effects significantly decreased ('Vsr~Tc

5/2), simplifying 
use of reversed DID (anti-DID) described below. ____________________________________________ 

*Work supported by US DOE, contract number DE-AC02-76SF00515 

January 2006
SLAC-PUB-11662

Contributed to 36th ICFA Advanced Beam Dynamics Workshop (NANOBEAM 2005) , 
17-21 Oct 2005, Kyoto, Japan
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ANTI-DID 
While the normal polarity of DID allows to compensate 

locally the effect of crossing the solenoid field for the 
incoming beam, the anti-DID (reversed polarity) allows to 
effectively zero the crossing angle for the outgoing beam 
(and pairs) – the U shaped distortion of the field lines is 
adjusted to guide the low energy pairs to the extraction 
aperture as shown in Fig.4.   

  
Figure 4: Field lines in LDC detector with anti-DID. The 
anti-DID field shape has flattened central region, to ease 

TPC calibration. The total crossing angle is 14mrad. 

 
Figure 5: Fraction of pairs directed into extraction 
aperture in SiD versus anti-DID maximum field. 

Figs.5-7 give quantitative results of tracking of 
beamstrahlung pairs in realistic solenoid field of SiD 
detector taking into account the anti-DID field. The shape 
of anti-DID field was obtained earlier, in simulations with 
2D and 3D magnetic models [1]. The pairs were obtained 
from beam-beam simulations by Guinea-Pig program [3].  

Fig.5 shows the fraction of pairs entering the extraction 
aperture versus maximum field of anti-DID. Fig.6 and 
Fig.7 corresponds to the optimal strength of anti-DID and 
show distribution of pairs 3.5m from the IP and 
trajectories of the pairs along the SiD detector. One can 
see that more than 60% of the pairs can be directed into 
the extraction aperture.  

Similar optimization, as for SiD, can be done for other 
two detectors, GLD and LDC. In this optimization, we 

used real solenoid field maps, and the shape of anti-DID 
field used for GLD and LDC was specifically optimized 
for these larger detectors with TPC (see below). We used 
ILC final focus optics with different L* (distance between 
IP and first quadrupole of FD): L*=3.51m for SiD and 
L*=4.51m for GLD and LDC. The Final Doublet was 
properly overlapped with the solenoid field. 

 
Figure 6: Distribution of pairs at 3.5m from IP in SiD 

detector when anti-DID is adjusted to direct pairs to the 
extraction hole. The incoming and outgoing apertures are 

shown by magenta and green colors. 

 
Figure 7: Trajectories of pairs in SiD with anti-DID.   

 Bt ,Gs TIP , Pr 'Vsr , nm L , % Pex, % 
SiD 205 -102 0.32 99.8 63 
GLD 236 -96 0.65 >99 51 
LDC 235 -122 1.01 98 49 
LDC 354 -138 1.67 95 62 

Table 1: Maximum field of anti-DID Bt, angle of the 
incoming beam at the IP TIP, SR beam size growth 'Vsr (to 
be added to Vy0=5nm in quadratures), luminosity L taking 
into account  SR effects, fraction of pairs Pex directed to 

extraction aperture. Total crossing angle is 14mrad. 

The results of these optimizations are summarized in 
the Table 1 in terms of the optimal field of anti-DID, 
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Field Studies (Toshiba)
Y. Makida (09/2017)
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Design Study by Toshiba Solenoid Field
I.R. (mm)29.7 3215 Axial turn # 40

O. R. (mm) 3570 Radial turn # 11

L (mm) 7350 Total turn # 440

Conductor axial W (mm) 61.3 Current (kA) 22.5

Conductor radial W (mm) 32.3 Current Density (A/mm2) 11.4

Ampere Turn (MAt) 29.7

B=4.56T 

Sored Energy 2.16GJ 

Design Study by Toshiba Anti-DID
I.R. @ Curve (mm) 3760 Straight region elevation angle (degree) 30

O. R. @ Curve(mm) 3768 Radial turn # 150

L @ straight (mm) 1200 Thickness turn # 2

Winding W (mm) 1000 Total turn # 300

Winding Thickness (mm) 8 Current (A) 1067

Conductor Width (mm) 6.67 Current Density (A/mm2) 40

Conductor Thickness (mm) 4 Ampere Turn (MAt) 0.32

Sored Energy 0.179GJ 

B=0.036T 
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Solenoid Assembly
Y. Makida (10/2018)
• Result from industry studies with 

Toshiba and Hitachi
• Assembly of complete magnet 

(solenoid and Anti-DID) on 
surface

• Lowering CMS-style to 
underground area

5

From Factory

From Factory

From Factory

Presented at Software and technical meeting 2017-4

Outline of ILD magnet manufacturing process
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Magnet Transport
Y. Makida (10/2018)
• Study from Toshiba
• Magnet elements to be 

transported from manufacturer 
to ILC site

6

Solenoid Transportation by “JUMBO CARRIER”

Anti-DID Transportation by low-floor trailer

1/3 Solenoid

Each Anti-DID Coil

Transportation Proposal by Toshiba

Special permission 
on public roads 

• From view point of 
transportation from 
factory to ILC site, 
solenoid and anti-DID 
size are considered.

• Anti-DID is smaller and 
simpler, which meet the 
field requirement.

• Anti-DID coils are wound 
in a factory and are set 
on solenoid in an 
assembly build on-site.
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Solenoid Construction Timeline
Y. Makida (10/2019):
• Pre-preparation: 

• 2y 
• Preparation: 

• 4y
• Construction: 

• 5y
• Installation/Commissioning: 

• 1y

• TOTAL:
• ~11y

7

Solenoid Manufacture Time Line

R&D subjects before TDR 
① Conductor Design

• Manufacturable dimension
• AL stabilizer material

② Technological components 
• Internal multilayer winding 
• Aluminum pipe welding
• Conductor joint   

Assembly off-site (in Factories)
① 3 solenoid coil units (Cold Mass)
② 4 anti-DID coils
③ Several Radiation Shield units
④ Several Vacuum Vessel units
Assembly on-site
① Completion CM, inner & outer RS and 

inner & outer VV 
② Composition CM, RS , VV and Yoke  
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Anti-Solenoid
B. Parker (09/2016):
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Page 9

Huge

A Short Anti-Solenoid Design History Review
The accelerator physics formalism and first
ILC specific designs for the anti-solenoid (AS)
were presented by Y. Nosochkov & A. Seryi†.

But a 62 ton AS longitudinal coil force can not
reasonably be accommodated in the QD0
cryostat; the AS had to be integrated with the
detector (i.e. major field and design impacts).

For the ILC RDR/TDR we developed a force
neutral AS concept where two solenoids of
different radii but opposite polarity are used
to largely cancel the longitudinal force yet
maintain a net field at the beam position.

The efficiency of the two coil, force neutral
AS configuration improves as the radial
separation between the inner and outer coils
increases. The size of the outer AS coil then
becomes the determining factor (followed by
the QD0 interconnect size) for setting the
QD0 cryostat radial envelope.

†Yuri Nosochkov and Andrei Seryi, "Compensation of detector solenoid effects 
on the beam size in a linear collider,"   Rev. Mod. Phys. 8(2) , February 2005.

Huge repulsive coil force!
Huge impact on detector!
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Anti-Solenoid
Compact AS concept
• Two-coil design

9

Page 10

A Compact Anti-Solenoid Concept for QD0

We look to reduce the anti-solenoid diameter
via this new coil geometry (with the old QD0
layout the active shield coil was in the way).

We can roughly balance repulsion between
the anti- and detector solenoids via a second
opposite polarity coil powered in a 2:1 ratio.

Thus we can use the net anti-solenoidal field
for optics compensation without then having
to pass any large longitudinal force from the
cold mass out to the warm support structure.

Inner anti-solenoid 
coil for use in ILD

Outer anti-solenoid coil for use in ILD

QD0

Inner/outer anti-solenoid 
coils are nested with QD0 
and the sweet spot coils.

New anti-solenoid
has little impact on 
detector field
quality.
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Anti-Solenoid
Sweet-spot coil
• compact system for QD0 

extraction beam line
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QD0 with L*=4.1 m & Lmag = 1.3 m Sweet Spot Coil

QD0

Extraction
Beam Line

This sweet spot coil has dipole and
quad windings, offset but parallel to
QD0, that are powered in series
such that their fields cancel at QD0
and add at the extraction beam line.

A Sweet Spot Coil Concept for QD0

ILC Layout has 14 mrad 
Total Crossing Angle

Combined Field at Extraction  Line
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QD0 Magnetic Length 
Covers 4100-5400 mm
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Discussion
Anti-DID
• A useful „nice-to-have“ feature for the detectors
• Could be an additional tuning-knob for background suppression
• Engineering studies have been done to some extent
• In the end probably a cost-benefit issue to be decided by the detector collaborations
• R&D is required before detector TDR can be written, is in the domain of the detector concepts

Anti-Solenoid
• Compact BNL design seems feasible
• Space requirements for complete QD0 package are relevant for the detectors

• forward region instrumentation, hermeticity

QD0 package including anti-solenoids is critical for the MDI
• A lot of R&D work remains to be done, at least on the detector side

• engineering design of QD0 support, alignment, assembly, maintenance access
• vibration issues

• R&D on QD0 magnet package itself seems to be an obvious task for the BDS WG
• At this time, R&D work is budget-limited
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