Chapter 1. Constraints, desien and needs of the new T10 line.

Section 1: General and vicinity constraints.

The new TI10 shall fit the geometry as defined in EHNLS document (ref. 1.), with adequate optical
characteristics and no incidence on T11 which we will keep untouched. The consequences on T9 should be
minimal and compatible with its own requirements and solutions. It is desirable to reuse the presently available
magnets and power supplies as far as practical.

This TI0 line will be mainly dedicated to tests of the LHC ALICE experiment, the maximum
momentum being raised to 7 GeV/c in agreement with the ALICE team, from its present 5 GeV/c. Higher
momentum could not be handled in the specified geometry and/or without alteration of the T11 line.

The design should guarantee good and reproducible beam quality at the experimental focus, within its
expected useable range. The optical design is an adaptation of the classical double monochromator scheme,
with its known favourable quality/complexity ratio. Its proper optimisation is, however, far from trivial, but the
work investment is concentrated at design time, with comparative ease of operation however, once the line

have been properly commissioned.

Section 2: geometry and momentum adaptation.

In the present line, the limiting elements are mainly the two bending magnets BHZ01 and BHZ02.
Increasing the momentum implies a reduction of their deflexion. A change of magnet type can not be
envisaged as there is no available stronger magnets.

The line is unmodified from the target up to and inclusive to the analyser magnet BHZO!. The
deflexion of this magnet is reduced from 200 to 140 mrad to cope with the increased momentum. The
recombiner magnet shall retain the 200 mrad deflexion with an early rotation point to match the final
destination line in the ALICE experimental area. The present BHZ02 can only provide 149 mrad at 7 GeV/c,
50 we added an M100 magnet (BHZ03) to handle the complement. These two magnets will be separated by the ‘

shielding wall; laying the stronger one first will place the experimental line at the required location.
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The vertical dipole BVTO02 had to be slightly moved upstream of its present longitudinal location to
make space for the last doublet and the vertical acceptance collimator. This rises the line level to 2.505m

instead of the previously published 2.5 m.

Section 3: optical design.

Dispersion control : done with field lens QFOO03 and angle of BHZ03, with proper attention to the
needed shielding space and the final experimental line location. Horizontal dispersion is suppressed beyond
BHZ03.

Intermediate focus : horizontal in the mid plane of the momentum slit, vertical in the principal object
Dlane of the field lens QFO03 (diverging plane) for minimum sensitivity; tuneable elements QDEO! and
QFO02. The doublet sign is needed to contain the beam with respect to BHZ01 gap size.

Final focus : strictly done with QFO04 and QDEOS once the upstream optics is defined. The spacing

has been increased to insert the vertical acceptance collimator; this also reduce the needed forces in the lenses.

The resulting geometry, once all matching and cross checks are done, can be found in Table 2. The

nominal optics (first order) is shown on fig. 1.

Section 3: needed magnetic resources and power supplies.

All the magnets, quadrupoles and their associated power supplies are recovered from the present line
and reused under conditions quite similar than now. Some of the power dissipation are higher than at present
and the increased cooling needs have to be taken into account. Details can be found in Table 3.

The only additional element is a M100 magnet called BHZ03 and its associated power supply. No

parts are liberated, ancillary equipment are also reused.

M-name|Magnet|I max|P max (kW)| Flow (I/min)
QDEO! | Q801 | 669 99 71
QFO02 | Q802* | 782 143 103
BHZ01 MC207% 784 227 163
QFO03 |QFS13*| 366 11 8
BHZ02 | Mcb® | 420 33 24
BHZ03 | M100° | 347 23 16
QFO04 | Q108* | 456 33 23
QDEO5 | Q109* | 639 55 40
BVTO02 [ M117*| 236 12 9
Total 640 460

Table 1. Magnets, power and required water flow.
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a/ magnet and power supply already exist in the present T10 line, no change required
b/ the magnet type only is defined, a new magnet and a power supply should be installed

Remark : the quoted power takes into account the DC resistance of the magnet at a mean coil
temperature of 35 Celsius. It neglect wiring losses and efficiency of the power converters. The water flow is

given for a 20 Celsius temperature rise (~36 m*h); it may be lower if a higher temperature rise is acceptable.

Section 4: ancillary equipment.

¢ Momentum collimator : same as now at almost the same location, in the target area.

¢ Verlical acceptance collimator : same as now, moved in the secondary area between the lenses of the last
doublet to make it efficient. The beam is already filtered by the various acceptance limitations upstream
and the maximum expected beam intensity (~lO7/spill) is deemed acceptable by the radiation protection
group.

*  Beam stopper : will be renovated and replaced close to its present location, inside the target area

¢ Shielding: moved downstream to make space for BHZ03, total thickness 2.4 m.

Section 5: monitoring devices.

The effective devices installed have still to be discussed with the beam diagnostics group for
availability. feasibility and performances; our wish list is however quite clear :
*  MWPC or equivalent devices at line end and at the vicinity of experimental focus. Resolution in the order
of 2 or 4 mm seems adequate.
*  Some kind of intensity measurement would be very useful. It should reflect the effective intensity delivered
to the experiment and impose minimal degradation of the beam quality. Its location and type is open to

discussion.

Section 6: line vacuum.

The line is expected to be under crude vacuum (< 10 Pa) from the upstream face of QDEO! up to the
downstream face of BVTO2 (just after the separatmg wall). This will ensure minimal multiple scattering in air

and vacuum windows.
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Chapter 11 : precomputed behaviour of the T10 line.

This chapter presents what is to be expected from the modified T10 line. Some of the values may

change slightly during implementation and will have to be confirmed at commissioning time.

Characteristics of the beam T10.

Maximum design momentum 7.0 GeV/c
Length at reference focus' 343 m
Beam height 2.505 m
Production angle from target H 61.06 mrad
\Y 8.24 mrad
total 61.6 mrad
Horizontal angular acceptance? (in QFO002) 4.85 mrad
Vertical angular acceptance? (in QDEO1) 12.4 mrad
solid angle acceptance’ 189 psr
Horizontal magnification at momentum sljt 03
Momentum slit displacement 5.0 mm for 1% Ap/p
Theoretical momentum resolution® 0.24%

Optical characteristics at reference focus (minimum Ap/p, multiple scattering not included).

dispersion (/% Ap/p ) H 0 mm/ 0 mrad (first order full correction)

v 1.33 mn/ 0.38 mrad
magnification from target H 0.84
Vv 0.62

I Reference focus is located 3.47 m downstream of the last magnet centre (vertical dipole)

The physical aperture limit is inside the first two quadrupoles, inner radius of 92 mm.

W

The aperture limit is an ellipse with semi-axis 35.2%89.8 (mm, H*V) at the entrance face of the first
quadrupole, located 7.25m from the target plane.

4 For an effective production target of 4*4 mm?>.
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Fig 1, First order optics for the T10 line (nominal focus).
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Chapter I. Constraints, desien and needs of the new T10 line.

Section 1: General and vicinity constraints.

The new T10 shall fit the geometry as defined in EHNLS document (ref. 1.), with adequate optical
characteristics and no incidence on T11 which we will keep untouched. The consequences on T9 should be
minimal and compatible with its own requirements and solutions. It is desirable to reuse the presently available
magnets and power supplies as far as practical.

This TIO line will be mainly dedicated to tests of the LHC ALICE experiment, the maximum
momentum being raised to 7 GeV/e in agreement with the ALICE team, from its present 5 GeV/c. Higher
momentum could not be handled in the specified geometry and/or without alteration of the T11 line.

The design should guarantee good and reproducible beam quality at the experimental focus, within its
expected useable range. The optical design is an adaptation of the classical double monochromator scheme,
with its known favourable quality/complexity ratio. Its proper optimisation is, however, far from trivial, but the
work investment is concentrated at design time, with comparative ease of operation however, once the line

have been properly commissioned.

Section 2: geometry and momentum adaptation.

In the present line, the limiting elements are mainly the two bending magnets BHZ01 and BHZ02.
Increasing the momentum implies a reduction of their deflexion. A change of magnet type can not be
envisaged as there is no available stronger magnets.

The line is unmodified from the target up to and inclusive to the analyser magnet BHZO!. The
deflexion of this magnet is reduced from 200 to 140 mrad to cope with the increased momentum. The
recombiner magnet shall retain the 200 mrad deflexion with an early rotation point to match the final
destination line in the ALICE experimental area. The present BHZ02 can only provide 149 mrad at 7 GeVl/,
50 we added an M 100 magnet (BHZ03) to handle the complement. These two magnets will be separated by the

shielding wall; laying the stronger one first will place the experimental line at the required location.
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The vertical dipole BVTO02 had to be slightly moved upstream of its present longitudinal location to
make space for the last doublet and the vertical acceptance collimator. This rises the line level to 2.505m

instead of the previously published 2.5 m.

Section 3: optical design.

Dispersion control : done with field lens QFO03 and angle of BHZ03, with proper attention to the
needed shielding space and the final experimental line location. Horizontal dispersion is suppressed beyond
BHZ03.

Intermediate focus : horizontal in the mid plane of the momentum slit, vertical in the principal object
plane of the field lens QFO03 (diverging plane) for minimum sensitivity; tuneable elements QDEO! and
QFO02. The doublet sign is needed to contain the beam with respect to BHZ0! gap size.

Final focus : strictly done with QFO04 and QDEO5 once the upstream optics is defined. The spacing

has been increased to insert the vertical acceptance collimator; this also reduce the needed forces in the lenses.

The resulting geometry, once all matching and cross checks are done, can be found in Table 2. The

nominal optics (first order) is shown on fig. 1.

Section 3: needed magnetic resources and power supplies.

All the magnets, quadrupoles and their associated power supplies are recovered from the present line
and reused under conditions quite similar than now. Some of the power dissipation are higher than at present
and the increased cooling needs have to be taken into account. Details can be found in Table 3.

The only additional element is a M100 magnet called BHZ03 and its associated power supply. No

parts are liberated, ancillary equipment are also reused.

M-name|Magnet|I max|P max (kW) Flow (1/min)
QDEO!1 | Q801* | 669 99 71
QFO02 | Q802* | 782 143 103
BHZ01 MC207% 784 227 163
QFO03 |QFS13?] 366 11 8
BHZ02 | Mcb®* | 420 33 24
BHZ03 | M100°| 347 23 16
QFO004 | Q108* | 456 33 23
QDEO5 | Q109* | 639 55 40
BVTO02 | M117%| 236 12 9
Total 640 460

Table 1. Magnets, power and required water flow.
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af magnet and power supply already exist in the present T10 line, no change required
b/ the magnet type only is defined, a new magnet and a power supply should be installed

Remark : the quoted power takes into account the DC resistance of the magnet at a mean coil
temperature of 35 Celsius. It neglect wiring losses and efficiency of the power converters. The water flow is

given for a 20 Celsius temperature rise (~36 m*h); it may be lower if a higher temperature rise is acceptable.

Section 4: ancillary equipment.

¢ Momentum collimator : same as now at almost the same location, in the target area.

= Vertical acceptance collimator : same as now, moved in the secondary area between the lenses of the last
doublet to make it efficient. The beam is already filtered by the various acceptance limitations upstream
and the maximum expected beam intensity (~10"/spill) is deemed acceptable by the radiation protection
group.

*  Beam stopper : will be renovated and replaced close to its present location, inside the target area

¢ Shielding: moved downstream to make space for BHZ03, total thickness 2.4 m.

Section 5: monitoring devices.

The effective devices installed have still to be discussed with the beam diagnostics group for
availability, feasibility and performances; our wish list is however quite clear :
*  MWPC or equivalent devices at line end and at the vicinity of experimental focus. Resolution in the order
of 2 or 4 mm seems adequate.
¢ Some kind of intensity measurement would be very useful. It should reflect the effective intensity delivered
to the experiment and impose minimal degradation of the beam quality. Its location and type is open to

discussion.

Section 6: line vacuum.

The line is expected to be under crude vacuum (< 10 Pa) from the upstream face of QDEO! up to the
downstream face of BVTO02 (just after the separ. atmg wall). This will ensure minimal multiple scattering in air

and vacuum windows.
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Chapter II : precomputed behaviour of the T10 line.

This chapter presents what is to be expected from the modified T10 line. Some of the values may

change slightly during implementation and will have to be confirmed at commissioning time.

Characteristics of the beam T10.

Maximum design momentum

Length at reference focus'

Beam height

Production angle from target H
v

total

Horizontal angular acceptance? (in QF002)
Vertical angular acceptance? (in QDEO1)

solid angle acceptance®

Horizontal magnification at momentum slit
Momentum slit displacement

Theoretical momentum resolution®

7.0 GeV/c
343 m
2.505m
61.06 mrad
8.24 mrad
61.6 mrad

4.85 mrad
12.4 mrad
189 usr

0.3
5.0 mm for 1% Ap/p
0.24%

Optical characteristics at reference focus (minimum Ap/p, multiple scattering not included).

dispersion (/% Ap/p ) H
A%

magnification from target H

v

0 mm/ 0 mrad (first order full correction)

1.33 mm/ 0.38 mrad

0.84
0.62

I Reference focus is located 3.47 m downstream of the last magnet centre (vertical dipole)

W N

quad1 upole, located 7.25m from the target plane.

The physical aperture limit is inside the first two quadrupoles, inner radius of 92 mm.

The aperture limit is an ellipse with semi-axis 35.2*89.8 (mm, H* V) at the entrance face of the first

4 For an effective production target of 4*¥4 mm?>.
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Fig 1. First order optics for the T10 line (nominal focus).
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