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PREVIOUS ACHIEVEMENTS OF FINAL FOCUS DESIGN TAKEN INTO ACCOUNT

Beam delivery system —Final Focus Test Beam Facility- FFTB- was constructed to test
FF optics concepts, stabilization, beam size measurements, magnet technology, 1993.

International project with participation of France, Germany, Japan, Russia, USA.

Located at the end of SLAC linac in a specially build extension housing. Total length
~200m; Compensation of chromaticity of FF doublet done by sextupoles.

Vertical beam size ~70nm was measured at IP — Phys.Rev.Lett.74:2479-2482,1995
Obtained substantial experience in Final Focus design

In particular,
» Tested stabilization of few long strings of magnets,

representing functional electro-optical blocks (such as
final telescope etc) with stretched wire.
* Tested active magnet alignment. ;
* Introduced and tested ballistic method for FF allgnment S
 Tested new-type beam size monitor for nm scale




BASIC PRINCIPLES OF 4™, AFFECTING MDI

- Beam-optical system incorporated in Detector

* Iron is omitted as it adds ~15% to the field value only (field outside of long
solenoid is zero). Homogeneity restored by adding currents at the ends of
main solenoid.

» Second solenoid closes the flux (minimal configuration).

* Muons can be identified with dual-readout calorimeter and tracker-
calorimeter-muon spectrometer.

Usage of dual solenoidal system plus end wall current system allows:

1) Strict confinement of magnetic field inside limited region

2) Spectroscopy of muons in magnetic field between solenoids

3) Incorporate FF optics in mostly natural way

4) Modular design which helps in modifications and re-installations

5) lightweight detector having flexible functionality and remarkable accuracy
6) Easiest incorporation of laser optical system for gamma-gamma collisions

* Push-pull concept (baseline) is easily satisfied.
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Total stored energy~2.77 GJ

Dimensions - in cm

Shifted down




Outer Solencid




Fiber hadronic
calorimeter




4TH DETECTOR 4TH DETECTOR

FlexPDE
MAGNETIC POTENTIAL

zoom(;

FLUX DENSITY B

zoom(-

- ™~ Center of
2806 RVS Eir=0.0012 d ete Cto r

Grid#1 p2 Nodes=57(\ Cells=2806 RMS Err= 0.0012
786977e+9

rcom-temperature



~ Status
CPU time 15:49

Sl : 4-th concept coils 21:55:19 5/17/08

Modes 258835

Cells 191624 ! FlexPDE 5.0.22

Unknowns 776505

Mem(K) 1237285 . B
o

7 .
RMS Error 4294e-4 g /,““‘“-r*:;\ ¥ /‘_‘_\ sl o = on }’=0
Max Errar 2.5818-3 4= e hé\@#u =R &0 zoom(-7.,-7.,14,14)
—~DONE-

10:5
10.0
9.50
9.00
8.50
8.00
7.50
7.00
6.50
6.00
5.50
5.00
4.50
4.00
3.50
3.00
2.50
2.00
1.50
1.00
0.50
0.00

\

o

In Plot Window:
Double-click to maximize
Right-click for menu

In Status Window:
Click to select font

4-th 3D: Grid#1 p2 Nodes=258835 Cells=191624 RMS Err= 4.3e-4
Energy= 3.085858e+9




— Status

—Bm

CPU time 26:35
GRID 1
NODES 258835
CELLS 191624
RMS Errar 4 204e-4

In Plot Window:
Double-click to maximize
Right-click for menu

In Status Window:
Click to select font

4-th concept coils

21:55:19 5/17/08
FlexPDE 5.0.22

4-th 3D: Grid#1 p2 Nodes=258835 Cells=191624 RMS Er= 4.3¢e-4
Energy= 3.085858e+9 Integral= 374.9603




End region

OPPOSITELY WOUNDED PAIRS OF COILS
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4-th concept coils
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Active systems move the lenses centroids in transverse plane using dipole
windings in lenses +mechanical movers

Windings for generation of Skew-quadrupole fields
Cancellation of influence of deformations induced by ponderomotive forces

Cancellation of influence of ground motion

&l Dual bore SC quadrupole developed
and tested at Cornell as an example.

y Distance between room temperature
" walls ~25mm

Septum between SC apertures~5 mm

In addition to standard optics we are considering the adiabatic final focusing
(multiplet of lenses, rather than a doublet) with local compensation of chromaticity
and residual dispersion at IP for reduction of the length of Beam Delivery System
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~ Service cryostat (one at each side)

Platform

Protective walls




3D SKETCH OF THE CAVE

Loading detector. Mostly of
equipment attached to the frame
already (solenoids, muon
spectrometer parts, calorimete

Shaft diameter ~16m_«

ields at the cave entrances
Pacmans) not shown (next slide
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One possible
variant;

Other one is
when the hut
located at side,
next slide

Air pads can be used here
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4-th concept detector can easy accommodate any beam optics,

It can be easily installed in cave as
All MDI questions answered

4th-concept allows easy motion into cave for push-pull operation;

Elements of FF optics mounted on detector frame allow better protection
against ground motion;

Field can be made homogeneous to satisfy tracking requirements and
measured accurately as, again, there is no interference from Iron (10-4);

Easy upgrade for gamma-gamma if necessary

A few topics for further work ...
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It is natural to keep such possibility for ILC. Here all
background products generated off-center in contrast with asymmetric B-factory.

ILC accelerating structure is a standing wave type; it allows acceleration in both directions. One can
consider the possibility to work at For this action, the beam
accelerated in the first linac is redirected through IP into another one. The phasing could be
arranged; the optics needs to be tuned.

Nonzero angle initiated by NLC/JLC type machines. Crossing angle vas not
required for TESLA, VLEPP. Zero angles give advantages in optics, preventing from SR in magnetic
field of detector and degradation of luminosity. So we think, that this option must be kept in detector
design as alternative.

—the ability to arrange collision at IP in such a way, that low energy particles
from the first beam collide with the higher energy ones in the opposing beam. This idea was
considered for circular machines a long time ago. For a single pass system, as the ILC is,
realization of such program becomes much easier procedure. Despite significant SR energy spread
generated during collision, this might be important for measurements at narrow resonances,
including low energy option (Giga-2Z).

. This might be useful for monochromatization and to simplify the
FF optics.

. Focusing arranged with multiplet of quadrupoles, rather than a doublet so
that the strength of the lenses changes slowly from lens to lens.

Peculiarity for registering of collisions with . Registration of back-forward
asymmetries of secondary products is the main task for operation with polarized particles. This

question requires special attention. 4-th magnet allows easy swap polarity.
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CONCLUSIONS

4th-concept allows easy installation into cave as it has no heavy Iron;

Elements of FF optics mounted on detector frame allowing better protection against
ground motion;

Field can be made homogeneous to satisfy tracking requirements and measured
accurately as there is no interference (or movement) from Iron (10-%);

Measures against vibrations force to locate front end electronics in a separate hut
installed on vibration-isolative footers;

Modular concept of 4-th detector allows easy exchange of different equipment, such as
TPC, vertex detector, sections of calorimeter, gamma-gamma collisions etc.;

Detector could be manufactured at low cost;

Detector can be reassembled quickly to take benefits from different energy of colliding
e*e- beams;

Detector allows relatively quick flip of magnetic field orientation for calibration of
asymmetry; this is beneficial for collisions with polarized beams.

4th concept easily accommodates 14 mrad optics as well as zero crossing angle.

Further work required for possible reduction of the BDS length (and cost). Maybe two

detector scheme with beam switch yard will emerge as an option in the future. 5
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