
Anti-DID Task Force Meeting - Introduction
Karsten Buesser


ILD Task Force Meetings


LAL 

07.11.2016

1



L*



• ILD had L*=4.4m

• Change Request for L*=4.1m accepted

• plus additional 10cm for BPM on incoming beam


• Now:

• remove vacuum pump (30cm)

• beam-gas scattering under control (R. Karl)

• new vacuum solutions under study (LAL)


• re-design LHCAL/BeamCal

• work done in FCAL collaboration (S. Schuwalow)


• Need to study:

• impact on backgrounds

• magnetic field configurations

• integration scheme with realistic LHCAL
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• 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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Detector Integrated Dipole DID

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

Brett Parker*
Brookhaven National Laboratory, P.O. Box 5000, Upton, New York 11973, USA

Andrei Seryi†

Stanford Linear Accelerator Center, P.O. Box 20450, Stanford, California 94309, USA
(Received 19 January 2005; published 1 April 2005)

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.

DOI: 10.1103/PhysRevSTAB.8.041001 PACS numbers: 29.17.+w, 41.85.–p, 41.75.Ht, 29.27.–a

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

*Electronic address: parker@bnl.gov
†Electronic address: seryi@slac.stanford.edu
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• Correction of beam collision angle and minimisation of beam blow-up by synchrotron radiation:


• Unfortunately this DID created large backgrounds from backscattered pairs from BeamCal…. 
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FIG. 9. (Color) Vertical angle at the IP (top) and the beam size growth due to synchrotron radiation (bottom), versus strength of the
DID corrector, without antisolenoid (thick blue line), with the antisolenoid with parameters suggested in [1] (red line), and with the
antisolenoid optimized to reduce the SR effects (green dash-dotted line).
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FIG. 8. (Color) Horizontal field on the beam axis (top) and beam orbit determined by tracking (bottom) in three cases: (i) bare SiD (no
antisolenoid) and DID strength optimized to minimize SR beam size growth (blue thick line), !!SR

y ! 0:034 nm; (ii) SiD with
antisolenoid (parameters from [1]) (red line), !!SR

y ! 0:83 nm; (iii) SiD with antisolenoid optimized to minimize SR effects (green
dash-dotted line), !!SR

y ! 0:33 nm. In the last two cases the IP angle is compensated by the DID, FD offsets, and BXMID without
introducing any linear or second order dispersion.
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• 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
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 From DID to Anti-DID
IR OPTIMIZATION, DID AND ANTI-DID* 

Andrei Seryi, Takashi Maruyama, SLAC, Stanford, CA, USA 
Brett Parker, BNL, Upton, NY 11973, USA.

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 µrad 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 (∆σsr~θc

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 θIP , µr ∆σsr , 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 θIP, SR beam size growth ∆σsr (to 
be added to σy0=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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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 θIP , µr ∆σsr , 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 θIP, SR beam size growth ∆σsr (to 
be added to σy0=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, 



• Detector Integrated Dipole

• Aligns integral magnetic field along outgoing beam (crossing angle)

• Mainly to reduce backgrounds on BeamCal

• Dipole windings around main solenoid

• this version is in the 

DBD:

8

Anti-DID
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Figure 13: 3D view of the anti-DID (version 1). 

 

 

 

 
 

Figure 14: Dipolar field Bx = f(z) generated by the anti-DID (version 1).  

(Numbers on the vertical axis for Bx given are in T, labels on the horizontal axis for z 

are in mm). 

 

 

For integration reasons, the anti-DID is located within the same cryostat as the main 

solenoid, and benefits from the cryogenics of the main coil. It is located on the outside 

radius of the main solenoid, in the lower field region, which is favorable for the 

temperature margin of the superconductor. The anti-DID coils will be fixed on the 

mandrel of the solenoid. Details of the design are shown in Fig.15a and Fig. 15b. 
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• Field versions used in full detector 
simulations are significantly different

• typically hand-tuned to minimise 

background levels on BeamCal

• maximum field at ~3m from IP

• nearly flat-top zone at IP

• Different designs have been used in 

studies of beam induced backgrounds:

9

Anti-DID
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Most recently, and in the final stages of writing the DBD of ILD, further background 
studies (vertex detector hits) were performed at DESY by E. Avetisyan et al. [A19]. 
Again, the two field configurations fieldX02 and fieldX03 were used in the simulations. 
Figure A5 shows the anti-DID field for the two cases. It appears that the peak value is 
either slightly lower, or slightly higher, when compared with the values shown in [A8] or 
extracted from Mokka in June 2012 [A17]. The field crosses zero at z = 5 m, as in Fig. 
[A5]. A slight “undershoot” beyond z = 5 m seems to be a new feature, although this may 
not be significant due to the low field strength. 
A comparison of the two configurations, considering background hits in the ILD vertex 
detector layers, was made and is given in [A19]. Clearly, the configuration fieldX02 is 
favoured and was therefore used for the studies in the DBD of ILD.  
 
 

 
Figure A5: Anti-DID field strength for ILD, as used for DBD studies, for the two 

MOKKA field configurations fieldX02 and fieldX03 as used in background studies for 
the ILD DBD (plot courtesy of E. Avetysian, 21 March 2013) 

 
 
 

In summary, for the conceptual design of the ILD magnet system described in the DBD, 
a specification for the anti-DID was needed in summer 2012. Looking at all the options 
discussed over the years, it was decided at that time to use an anti-DID field shape and 
magnitude as the one in A. Vogel’s thesis [A9] – identical to the one in Mokka in June 
2012 (Fig. A4) - for the ILD magnet system design (described in this LC note). During 
the course of the detailed design studies including full 3D magnet calculations, however, 
it turned out that it is difficult to produce a field exactly of the shape as given in Fig. A4. 
Further iterations between the magnet designers and the physics/background simulations 
will be needed to conclude on a technically feasible and background-wise acceptable 
anti-DID field shape. 
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explained the origin of the anti-DID field used in [A12]: The original design of B. Parker 
(cf. Figure A2) was used and adapted to ILD by O. Delferrière, see [A15]. Since the field 
in [A15] seemed a bit too strong for the 14 mrad crossing angle of ILC, R. Versteegen 
scaled the amplitudes of the anti-DID field – in order to have the field lines aligned to the 
beam extraction line up to the first quadrupole. The field obtained in this way is the one 
shown in the thesis [A12]. 
 
In a presentation to the ILD workshop 2012 at Kyushu University, Japan, A. Miyamoto 
presented background studies for ILD [A16]. He introduced the two possible field 
configurations (labelled “sub_detector” in Mokka), i.e. fieldX02 and fieldX03. According 
to information provided by A. Sailer [A17], fieldX02 corresponds to the magnetic fields 
as used for the LCD background studies (i.e. as in A. Vogel’s thesis [A9], with fieldvalue 
set to 1.0) – the field as implemented in Mokka in June 2012 is shown in Figure A4. On 
the other hand (again according to A. Sailer [A17]), fieldX03 uses a 2D solenoid field 
map and the same anti-DID field shape as fieldX02, but with fieldvalue set to 1.1.  
 
 

 

 
Figure A4: Anti-DID field strength Bx as used for ILD simulations. Values shown are as 

implemented in Mokka in June 2012 (information provided by A. Sailer [A17]). 
 
 
 
The fieldX03 was created by F. Gaede [A18], originally to correct for a deficiency found 
with fieldX02. In fact, the latter is found unphysical at larger radii, i.e. farther away from 
the beam pipe. This is not a problem when looking at background hits in the central 
region (e.g. the vertex detector), but was found to be relevant when studying pair 
background in the TPC. Therefore, F. Gaede created fieldX03 starting from a 2D field 
map, and following A. Vogel’s procedure of adjusting the anti-DID strength such that 
low-pT particles from the IP would follow the field lines into the outgoing beam pipe.  
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• Requirement: maximum field at 3m from IP 
and zero field up to 0.5m from IP (as in 
simulations)


• Technically extremely complicated

• dipoles need to be split in two parts

• much higher currents


• Realistic field with yoke and solenoid is far 
from perfect


• Need round of optimisation between 
simulation group and magnet experts on how 
the DID should look like

• FYI: SiD considers to abandon DID as „it 

cannot be built“

10

Realistic Anti-DID
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conductor could consist of a single CMS strand co-extruded within alloyed-Al. The 
proposed overall dimension of the conductor is then 4.8 x 3.2 mm2. 

The protection of the anti-DID against quench is achieved by activating heaters to 
trigger the fast dump of the current. This will bring the whole anti-DID in resistive state 
to ensure a uniform temperature distribution to avoid a large thermal gradient around the 
hot spot and limit the associated stresses and distortions. The quench heaters shall also be 
triggered in case of fast dump of the main solenoid as the refrigeration is stopped in such 
a case, but inversely, the protection system shall avoid the fast dump of the main coil in 
case of fast dump of the anti-DID. The possibility to keep the solenoid in operation at 
4.5K while the anti-DID is quenched shall be validated. 

 
 

5.3 Main parameters and characteristics (Version 2) 

The requirements on the magnetic field generated by the anti-DID are the following, 
based on Fig. A4 of Annex A: 

- Maximum value of the magnetic dipole field Bx up to 0.035T at z = 3 m from the 
IP, offering some margin on the final operating field, 

- Flat-top of zero magnetic field on about +/- 0.5 m around the IP. 
 

The magnetic design of the anti-DID Version 2 was approached in two steps: 
- In the first step, only the anti-DID is taken into account. To get the requested anti-

DID field shape, the design is more complicated than for Version 1: each dipole 
consists of two parts, with different current in each part, and much higher currents 
than needed for Version 1. The magnetic field obtained for the anti-DID alone 
(without solenoid and yoke) is shown in Fig 16. 

 
. 

 
Figure 16: Horizontal magnetic field Bx = f(z) of the anti-DID alone (Version 2). 

(Numbers on the vertical axis for Bx given are in T, labels on the horizontal axis for z 
are in mm). 
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- In the second step, the complete magnetic configuration is taken into account: 
main solenoid at nominal field, yoke, and anti-DID, with the same currents as for 
the anti-DID alone. The horizontal magnetic field component obtained in shown 
in Fig 17. 

. 

 
Figure 17: Horizontal magnetic field Bx = f(z) of the anti-DID in the complete 

magnetic configuration (solenoid, yoke, anti-DID, in Version 2). (Numbers on the 
vertical axis for Bx given are in T, labels on the horizontal axis for z are in mm). 

 
 

As was to be expected, a positive effect of the yoke is to increase the magnetic 
field of the anti-DID by about 50 % (from 0.02 T to about 0.03 T). The position of the 
maximum Bx remains around 3 m, as required from detector simulations. However, 
the presence of the yoke deteriorates the field around the IP, and there is no longer any 
zero-field plateau in this region. 

Taking into account the increased complexity (from an engineering point of view) 
of this Version 2 of the anti-DID, and the fact that it does not reproduce accurately the 
field Bx as used in the detector simulations, points to the need for further iterations 
between physics requests and magnet design to find an acceptable compromise design 
for the anti-DID. 

6 Coil manufacturing and assembly 

6.1 Solenoid manufacturing 

The winding will be done using the inner winding technique, similarly to CMS [10], 
where the supporting external cylinders are used as external mandrels. These mandrels 
shall be machined and welded outside of the winding and assembly halls. They shall be 
built from aluminum plates in aluminum alloy 5083 to get the required 50-mm thickness. 
Each module flange shall be built from seamless rings using the ring rolling technique 
[11], to obtain the required uniformity of the mechanical properties in the module 
connection regions. Several shoulders shall be assembled on the mandrels and used to fix 
later during the assembly the tie rods and to support the anti-DID. The helium cooling 
circuit shall be assembled on the mandrel. The cooling circuit shall be designed to 
withstand both the deformation induced during the cool-down from room temperature to 

Top: Anti-DID alone;  
bottom: Anti-DID, Solenoid within Yoke

LC-DET-2012-081



• The magnetic fields that determine the background distribution in the forward regions are 
complicated overlays:

• Detector solenoid (fringe) fields

• QD0 quadrupole (fringe) fields

• Anti-solenoid (fringe) fields

• Anti-DID (fringe) fields


• A detailed 3D model of all fields would be needed to do proper background simulations.


• This needs to be done anyhow for the new L* geometries

• collaboration with machine experts required

• probably hard to get in view of resources at machine groups…

11

Forward Region Magnetic Fields
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FIG. 9. (Color) Vertical angle at the IP (top) and the beam size growth due to synchrotron radiation (bottom), versus strength of the
DID corrector, without antisolenoid (thick blue line), with the antisolenoid with parameters suggested in [1] (red line), and with the
antisolenoid optimized to reduce the SR effects (green dash-dotted line).
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y ! 0:034 nm; (ii) SiD with
antisolenoid (parameters from [1]) (red line), !!SR

y ! 0:83 nm; (iii) SiD with antisolenoid optimized to minimize SR effects (green
dash-dotted line), !!SR

y ! 0:33 nm. In the last two cases the IP angle is compensated by the DID, FD offsets, and BXMID without
introducing any linear or second order dispersion.

COMPENSATION OF THE EFFECTS OF A DETECTOR . . . Phys. Rev. ST Accel. Beams 8, 041001 (2005)

041001-7
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• ILD party line: 

• Anti-DID is needed to reduce background 

on BeamCal for searches and reduced 
backscattering


• less energy on BeamCal

• easier reconstruction of beam parameters

• better efficiency for tagging of high 

energetic electrons at low angles

• WIMP searches


• less backscattering into the tracking 
system


• backscatters are guided through the VTX 
aperture

12

Anti-DID Impact on Detector

Figure 6.5: Forward region, compressed by a factor of 10 in z-direction. The
magnetic field lines of an anti-DID field configuration [116] are superimposed.

so-called physics list. Users can implement custom physics lists with the
particles, processes, and models of their choice, but Geant4 also provides a
set of predefined lists that have been composed, tuned, and validated by the
toolkit developers.

Mokka can use any of the predefined physics lists that are built into
Geant4 or the so-called “Linear Collider Physics List” (LCPhys), which was
intended specifically for linear collider studies [117]. For the simulations that
are presented in this thesis, the Geant4 built-in list QGSP BERT HP has been
used. This list offers the standard electromagnetic physics, but it provides
a very detailed description of hadronic physics, especially with respect to
neutrons at low energies.

This may sound contradictory at first because the simulation handles
mainly electromagnetic particles, and hadrons play only a minor role. How-
ever, one of the goals of the simulation was to study the expected neutron-
related backgrounds in the TPC and the vertex detector – this means that
the production of neutrons in electromagnetic showers (through photonuclear
and electronuclear reactions) must be modelled and that a good description
of hadronic nuclear reactions and neutron transport is needed. QGSP BERT
HP provides all this – a detailed list of its ingredients can be found in ap-
pendix B.2.

Still, QGSP BERT HP is a multi-purpose physics list that can be used for a
full detector simulation. Other, more detailed models for specific processes
are also available in Geant4 (e. g. for a better description of low-energy elec-
tromagnetic processes), but these could significantly reduce the performance

71

Adrian Vogel

no x-angle x-angle 20 mrad

old plots: TESLA parameters….



• SiD has started initiative 
to understand impact of 
Anti-DID on detector 
effects


• Started to study energy 
distributions on their 
BeamCal


• For us to do:

• understand 

backscattering

• impact of BeamCal 

energy distributions on 
searches

13

SiD and Anti-DID
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Proposed BeamCal Beampipe 

Infrastructure Wkshp 2016-03 KEK 

ILD BeamCal Beampipe Proposed SiD BeamCal 
Beampipe 

Marcel Stanitzki



• Only limited improvement in the „plug section“ of BeamCal

14

SiD and Anti-DID
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Do We Really Need a Anti-DID Coil 
Hits in the Plug Region 

Infrastructure Wkshp 2016-03 KEK 

AntiDID 
OFF 
15,10mm 

AntiDID 
OFF 
20,15mm 

AntiDID 
ON 
15,10mm 

AntiDID 
ON 
20,15mm 

SBWO2_pairs0001.dat (2009 IP w/o TF) 
174k particles, 409.2TeV 

•  The Anti-DID really only helps the plug region between the beam pipes 
•  The Anti-DID buys you 1% less energy in the region outside the plug and 

the 40mm/30mm exit/entrance apertures in the BeamCal silicon 
•  Simulation studies ongoing 
 

15,20mm No DID AntiDID 
# Hits Energy #Hits Energy 

Go out 4cm exit 
hole 

32.1% 85.2% 87.9% 90.3% 

Go out 3cm 
entrance 

4.5% 0.8% 1.5% 0.7% 

Hit the plug 54.6% 5.3% 3.0% 1.4% 
Outside the plug 
in “physics” region 

8.8% 8.7% 7.6% 7.7% 

32 Infrastructure Wkshp 2016-03 KEK 

Where to the e+e- pairs go  

Marcel Stanitzki



• Main question: Do we want to include the Anti-DID in the full ILD detector simulation for the main 
production runs?

• Is the Anti-DID technically feasible?

• What are the requirements on field homogeneities from the tracking detectors?

• What are the differences in backgrounds from direct and backscattered particles in ILD?

• What is the impact on the subdetectors (occupancies, etc.)?

• What are the effects on physics?

• How can this be best modelled in the ILD full detector simulations?


• This workshop should not give answers to all of this questions now! 

• Try to find out what information is available and discuss a possible working plan including time 

lines
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Things to Discuss


