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	Functional Specification

	LHC IP1/IP5 Neutral Beam Absorbers (TAN)

	Abstract

The neutral beam absorbers (TAN) are required to absorb the flux of forward high energy neutral particles that are produced at the high luminosity IPs 1 and 5 of the LHC, thereby preventing these particles from quenching the twin aperture superconducting beam separation dipoles (D2) and localizing the induced activation to the absorber. This specification describes the function of the neutral absorbers and related requirements and parameters. 
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1.  OVERVIEW

At design luminosity 1034 cm-2sec-1, approximately 1kW of inelastic collision products leaves the high luminosity IPs  1 and 5 in each direction [1] [2] [3].  Special purpose absorbers are needed to protect superconducting magnets from this radiation to prevent them from quenching [4]. This Functional Specification describes the neutral absorber or TAN.  The function of the TAN is to absorb the neutral particles leaving the IPs, primarily neutrons and photons, that pass through the aperture of the quadrupole triplet.  An illustration of the TAN in the LHC tunnel is shown in Fig. 1.
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Fig. 1  Proposed TAN Design

The TAN is located between the two beam separation dipoles D1 and D2 and contains the transition from two beams in a common beam tube at the IR to two beams in separate tubes in the arcs. There are two TANs per IR1 and IR5. At the design luminosity of 1034cm-2s-1, each TAN absorbs 210 W.  Over a twenty four hour period the average luminosity is estimated to be reduced to sixty per cent of its value at the beginning of a store owing to beam loss and filling time. [ref. 1, pg. 50] The twenty four hour average power absorbed by the TAN is correspondingly reduced to 126 W. The TAN must reduce the maximum instantaneous power density transmitted to the conductor of twin aperture superconducting magnets extending from D2 to the arcs to less than 0.4 W/kg to protect them from quenching.

The total weight of the TAN is expected to be approximately 30 Tonnes and it can be assembled in situ from eight pieces, each below the 5 Tonne limit of the tunnel installation equipment. 

The beam tube of the TAN is an ultra high vacuum component and will be OFHC and OFS copper. The TAN will be designed with all metal seals and provision for in-situ vacuum bakeout to 200C. Strip heaters and internal thermocouples will be provided for the bakeout. The transition of the TAN beam tube from two beams in a common tube to two beams in separate tubes will be designed to minimize the beam impedance subject to aperture and space constraints. The inside diameters of the TAN beam tubes and the adjacent beam tubes provided by CERN must be designed to match smoothly. The front flange of the TAN will become too activated for normal access and will be a clamped flange designed to allow for rapid remote assembly and disassembly. Activation of the rear flanges is expected to be low enough to allow normal procedures and will be standard ConFlat flanges.

Measurement of the power absorbed by the TAN can be used for accelerator operations and monitoring machine parameters - luminosity, beam-beam separation and beam size [5]. Slots will be provided in the TANs for instrumentation that measures the power deposition near the shower maximum. The instrumentation will be described in a separate Functional Specification. 

2. technical requirements and design parameters

2.1 discussion

The technical requirements and the design parameters for the neutral beam absorbers (TAN) are tabulated in Section 2.2.  The TAN technical requirements include functional, lattice, tunnel, vacuum, alignment, radiation and electrical requirements. The TAN design parameters are separated into vacuum and absorber parameters. The remainder of this section discusses the background behind several of the requirements and parameter values.

In order to prevent quenching the maximum allowed radiation deposited power in LHC superconducting magnets is normally taken to be 1.2 W/kg[6]. The TAN is specified to transmit a maximum 0.4 W/kg into the coils of the superconducting dipole D2 at design luminosity 1034cm-2s-1. Even at ultimate luminosity 2.5x1034cm-2s-1 the specified power density would be 1.0 W/kg and less than the maximum allowed value 1.2 W/kg. However since the TAN is being designed so the surface activation of the back surface is below

0.2 mSv/hr (30 day operation at 1034cm-2s-1, 24 hr cooldown) the transmitted power density is expected to be lower than the specification (i.e. less than 0.1 W/kg).

The geometrical acceptance of the TAN expressed in terms of primary aperture and normalised to the rms beam size according to the prescription of Jeanneret and Risselada is taken to be n1 > 7 with allowances for mechanical tolerances, alignment and closed orbit error[7] [8].  This condition is usually most restrictive at injection. This is the same as the requirement for all apertures in the machine with the exception of the primary and secondary apertures of the beam cleaning collimators. Specific beam orbit calculations need to be carried out in order to check the consistency of this requirement with the specifications of beam tube aperture and mechanical tolerances. These calculations are to be done by CERN within the Apertures Working Group. Based on the outcome of these calculations there may be some change in the aperture dimensions. Other beam tube parameters that need to be checked against the optical design are the TAN horizontal beam tube separations at the transition from a common tube to two tubes (s = +/-141.2 m from the IP) and at the end of the TAN (s = +/- 144.9). These would be checked as a matter of course at the same time the aperture calculations are done. The separations given in Section 2.2.2 correspond to the beam-beam separation for v6.3[10] placement of the beam separation dipoles D1 and D2, zero crossing angle and zero beam-beam separation at the IP.

The beam tube mechanical and alignment tolerances given in the Tables below are estimates of what can be achieved with normal manufacturing and assembly techniques.

2.2 TAN requirements AND PARAMETERS

2.2.1 FUNCTIONAL REQUIREMENTS (1034CM-2SEC-1)


Absorbed collision power at L=1034cm-2sec-1
210 W


24 hr average absorber collision power
126 W


Maximum transmitted beam power density to 
0.4 W/kg

superconducting coils of D2

2.2.2 LATTICE REQUIREMENTS


Geometrical acceptance (n1)
> 7


Maximum beam tube half angle
10 degrees


Distance from the IP to the TAN front flange [9]
140.0 m


TAN flange to flange length
4.9 m


Distance from IP to back of the transition from
141.2 m

one tube to two tubes







Beam tube horizontal separation, (s=(141.2 m)
160.0 mm


Beam tube horizontal separation, (s=(144.9 m)
160.0 mm

TUNNEL REQUIREMENTS


TAN locations[10]
RI13 & RI17 for IR1 (ATLAS)


R53 & R57 for IR5 (CMS)


Tunnel cross-sections 
Shown on CERN drawings:
LHCLJ1R_00013C for IR1
LHCLJ5R_00013C for IR5

Nominal beam height from floor
1100 mm at IR1


950 mm at IR5


Nominal longitudinal tunnel slope
+1.23 % at IR1


-1.24 % at IR5


Nominal transverse tunnel slope
0 % at IR1


0 % at IR5


Longitudinal TAN slope
+1.23 % at IR1


-1.24 % at IR5


Transverse TAN slope
+0.73% at IP1


-0.73% at IP5


Maximum TAN width
1150 mm 


Maximum TAN height
Nominal 550 mm radius from the two-beam centerline 

Tunnel floor loading
<0.5 MPa


TAN horizontal earthquake loading [11]
0.15 g


TAN vertical earthquake loading [11]
0.11 g


TAN support and adjustment [12]
3 - 15 Tonne ISR magnet jacks 


shown on CERN drawing: 232-268


TAN support arrangement
Symmetric about the two-beam centerline


Tunnel crane limit for installation/removal [13]
5 Metric Tonne

2.2.3 VACUUM REQUIREMENTS


Beam tube material
Oxygen free high purity copper




(OFHC) and Oxygen free with




Silver (OFS)


Copper alloy options for the beam tube
C10100 through C10800

(Copper Development Assoc. Alloy numbers) [14]



Flange types [15], [16] 
CERN ConFlat, 316LN stainless

steel (rear)



Helicoflex Quick Disconnect

System Class 300 (front)


Flange modifications 
OFHC ring explosion bonded to SS flange to attach copper beam tube


Copper surface preparation [17]
LBNL Engr. Spec. M735


Stainless steel surface preparation [18]
LBNL Engr. Note M7024


Fabrication methods 
Electron beam welding



Vacuum qualification leak rate
7.5 X 10-11 Torr-l/sec in a 50%


helium atmosphere for 2 minutes


Vacuum qualification base pressure
5 X 10 –10 Torr


CERN vacuum processing
Glow discharge, NEG Coating at CERN



Maximum beam tube operating temperature
85C



(@2.5x1034cm-2s-1)








In-situ beam tube bakeout temperature [15]
200C


Minimum time to reach bakeout temperature
24 hrs


Bakeout heater redundancy
Factor of 2

2.2.5 VACUUM DESIGN PARAMETERS


Beam tube facing IP (2 beams in one tube)





Inner radius
106.0 mm 



Mechanical tolerance (radius) [19]
(2.1 mm


Transition section

 

Inner radii
106.0 to 26.0 mm

 

Mechanical tolerance (radius)




Entrance/middle/exit
(1.9/(4.9/(1.4 mm



Beam tube away from the IP (2 beams in two tubes)





Inner radius
26.0 mm



Mechanical tolerance (radius)
(1.1 mm


Vacuum chamber to alignment fiducial tolerance
( 0.6 mm

2.2.4 ABSORBER dESIGN PARAMETERS


Inner absorber material
ETP Copper (C11000)


Outer shielding material
Steel (G10200)


Front shielding material
Marble


Number of detector slots
1


Absorber width
1100 mm


Inner absorber length
3500 mm


Total weight (8 assemblies,<5 Tonne ea.)
<30 Tonne


Absorber construction
Tie Rods


Supports range of motion 
(10 mm horiz. and vert.


Absorber cooling
Ambient air

2.2.5 ALIGNMENT REQUIREMENTS


Survey line of sight
Horizontally 380 mm toward the aisle and vertically 400 mm above the two-beam centerline


Number of fiducials
3


Fiducial locations [20]
Two at the end of the TAN facing away from the IP 



One at the end of the TAN facing 
toward the IP


Fiducial type
88.9 mm dia. Taylor - Hobson Sphere


Fiducial holder [21]
Shown on CERN drawing 
LHCGIMSA0002

2.2.6 RADIATION REQUIREMENTS


Radiation environment guidelines at CERN [22] 


Condition
Exposure limit

No access
> 20 mSv/hr


Emergency access
1-2 mSv/hr


Maximum per person per job
< 1 mSv


Ok to walk past
<0.2 mSv/hr


Ok to stand in the region
<0.1 mSv/hr


No concern
<0.01-0.02 mSv/hr


Surface activation
Within tunnel constraints, choose the outer shielding thickness to reduce surface activation as close as possible to < 0.1mSv/hr (30days oper, 24 hr cool down)


TAN aisle side surface activation [22]
Due to space constraints, a maximum 1.0 mSv/hr activation is allowed for ultimate luminosity operation (2.5x1034cm-2s-1)


Assembly
Minimize the number of components and assembly procedures


Transport Housing
To remove/install activated copper bars from the top of the TAN and transport to a designated location

2.2.7 ELECTRICAL REQUIREMENTS


Heater voltage rating [23]
230 volt operation.


Thermocouple type
Type E


Electrical termination
Ceramic terminal strips in a metal 


enclosure

2.3 TAn LAYOUTS in TUNNEL

End-view layouts of the TAN located in the IR1 and IR5 tunnel regions of the LHC are shown in Fig. 2 and 3.
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Fig. 2 TAN shown in the IR1 tunnel region
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Fig. 3 TAN shown in the IR5 region

3. reliability, Availability and maintainability  Requirements

The TAN contains an ambient temperature beam tube that requires in situ bakeout whenever exposed to atmospheric pressure. Internal thermocouples and heating elements are provided for this purpose with a factor of two redundancy to allow for component failure. Alignment fiducials and adjustable supports are provided for periodically checking and correcting alignment of the beam tube apertures.

The TAN will be designed to be cooled with ambient air and for maximum internal beam tube temperature 85C at ultimate luminosity 2.5x1034 cm-2s-1. The thermocouples provided for in situ vacuum bakeout will be used for monitoring the maximum internal temperature of the TAN. 

As the TAN is exposed to radiation it becomes activated. The transverse dimensions of outer iron shielding of the TAN have been chosen to be the maximum that are allowed by tunnel and survey access in order to reduce surface activation to a minimum. The length of the inner absorber of the TAN has been chosen so surface activation will be low enough to allow access to the pumping station behind the TAN (< 0.1 mSv/hr). A consequence of extending the length to reduce activation is that the transmitted power density falls well below the magnet quench requirement. The front of the central part of the TAN, which absorbs most of the radiation and therefore has the highest surface activation, is recessed inside the outer iron shielding to reduce radiation levels in the tunnel aisle. Provision is made for adding marble shielding to the front of the TAN to further reduce radiation exposure in the tunnel aisle.

If the TAN is disassembled after activation, special handling procedures will need to be followed to avoid exposing the workers to excessive radiation. The pieces of the TAN are designed for assembly with a minimum number of procedures.

There are e-beam welds in the TAN beam tube which are internal to the absorber. If these joint fail it would be necessary to disassemble the TAN and replace the beam tube. He gas probe access through the beamtube hole in the marble slabs allow for leak checking these joints. To guard against the possibility of failure the joints will be inspected with x-ray radiography prior to assembly of the TAN.

4. safety and regulatory requirements

The TAN design must meet the safety guidelines put forward by the CERN Technical Inspection and Safety Commission (TIS).  TIS has issued safety documents and the guidelines in these documents need to be incorporated into the TAN design.  For the TAN, the appropriate TIS safety documents are:

4.1
D1

Safety Code for lifting equipment  1997 [24].

4.2
F

Protection Against Ionizing Radiation – Radiation Safety Manual 1996 [25].

4.3
IS 41

The Use of Plastic and other Non-Metallic Materials at CERN with respect to Fire Safety and Radiation Resistance  1995 [26].

4.4
NS 16

Rules concerning the transport of radioactive material 1997 [27].

4.5
TIS-TE-MB-98-74
CERN/LHC-US/LHC MOU on Accelerator Mechanical Safety[28]

calculations required

The following calculations have been carried out during the design of the TAN:

 5.1
Radiation deposition, activation and shielding calculations corresponding to the dimensions of the as built TAN. Detailed radiation and activation calculations have already been completed for the TAN [29].

5.2
The temperature distribution inside the TAN was calculated based on the simulation of radiation power deposition [30]. 

5.3
Thermal calculations have been carried out to determine the size of heaters needed to raise the collimator box and beam tube to 200C for in situ vacuum bake out[30].

5.4
Calculations will need to be carried out to verify that the geometric beam tube aperture of the TAN satisfies n1 >7 for any likely specification of the beam optics of LHC. This calculation will be carried out within the framework of the Apertures Working Group at CERN.

5.5 
Calculations of beam impedance for the as built transition from two beams in a single tube to two beams in separate tubes have been carried out to verify that the contribution to the overall broadband impedance budget is small [31]. 

5.6
TAN component sizes and weights have been tabulated [32].

5.7 
TAN stiffness and deflection calculations have been carried out to document that beam tube mechanical tolerances can be obtained [33].

5.8
Calculations have been performed that show that the TAN meets the CERN 0.15g horizontal and 0.11 g vertical acceleration requirement when installed in the tunnel [34].
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