US LHC Accelerator Research Program

Task Sheet

Task 1.4.1.4: LARP AS New Initiative Feasibility Studies
Date: June 5, 2006

Responsible Person: V.Shiltsev (FNAL) 

Budget for FY07: Total: 120K$, incl. LBNL $95K$, BNL $10K, FNAL 15$K
Introduction:

A number of new proposals were presented at the LARP Collaboration Meetins at LBNL (April, 2006). At the same meeting, a special group of  LARP  AS L2s, L1 and the Program Leader was formed with charge to consider all the proposals and recommend further actions. The group met for discussion on June 1, 2006 and recommended to form a New Initiative Feasibility Study in AS/Accelerator Physic task which will include studies of a) longitudinal density monitor; b) LHC crab cavities; and c) Low-Enrgy Ring injectyor in the LHC tunnel. All these studies are supposed to end up in a written report and are subject of consideration for promotion to full-scale L3 tasks after initial study period. LARP Executive Committee approved creation of the task at its meeting at FNAL on June 5, 2006 .   
Study 1.4.1.4.1: Fiberoptic-based synchrotron radiation beam diagnostics for the LHC
Responsible Person: S. DeSantis (LBNL) 

Budget for FY07: LBNL $50k
Statement of work:

Introduction:

Many beam diagnostic devices in today's synchrotron rings make use of the radiation emitted by the circulating particles. Such instruments are placed in close proximity of the accelerator, where in many instances they cannot be easily accessed for safety considerations, or at the end of a beamline, which can only move the light port a few meters away from the ring because of its cost.


By choosing an appropriate fiber it is possible to keep attenuation and dispersion at negligible values over a large bandwidth, so that this method would allow to have the diagnostic instruments directly in the control room, or wherever convenient, up to several hundred of meters away from the tunnel. This would make maintaining and replacing instruments, or switching between them, possible without any access to restricted areas. 


Additionally, the few components required to be near the ring (lenses and couplers) in order to couple the light into the fiber are intrinsically radiation-hard. Once the synchrotron light becomes fiber-borne, it also becomes possible to use the vast array of optical components developed for high-speed telecommunications, which are characterized by extremely high reliability and relatively low cost, to sample and manipulate the beam signal.


LBNL group is currently performing experiments on one of the ALS beamlines to test the efficiency of the coupling process and verify which properties of a light port are important in order to achieve maximum coupling. They are also comparing the measurement of the longitudinal beam parameters using a streak camera measuring the synchrotron light directly at the light port or after ~100 m of optical fiber.

Task Description:


Based on the CERN specifications (LHC-B-ES-0006) for the longitudinal diagnostics of the LHC beams, our initial calculations indicate that a 50% coupling efficiency over a 10% bandwidth centered at 1310 nm would transmit enough photons at the end of a 200 m long fiber such as to satisfy the requirements (accuracy, resolution, sensitivity) of basically every measurement under consideration. The length of this fiber would allow to bring the diagnostic instruments to ground level, rather than having them remotely controlled in the underground tunnel.


In this task, we plan to perform a complete study of synchrotron-based diagnostics for the LHC. First, we plan to study the optimal optical extraction system in the specific region of the LHC where light extraction is possible. Then, we plan to study the use of existing commercial fibers for the optimal transmission of the extracted light outside the LHC tunnel. In addition, we want to investigate the use of commercially available optical modulators to sample the LHC beams. This involves evaluating how the device parameters match CERN specifications for longitudinal beam diagnostics. The study will consider parameters such as extinction ratio, dynamic range, bandwidth, time resolution, frequency, and is geared at satisfying CERN’s specifications. In addition, we plan to prepare a feasibility study and conceptual approach of the beam measurements possible with the extracted light.

Deliverable(s):

A report on the study, covering the design of the extraction optics and of the fiber transmission system to be delivered by April 2007.  The report will also include plan of validation and testing of the technique at US colliders if the studies show that such tests will be feasible as well as manpower and cost estimate and a proposed schedule for the instrument development. 
Personnel:  J. Byrd, S. DeSantis, M. Zolotorev (LBNL) ;  CERN liason: E. Bravin
Study 1.4.1.4.2: Crab Cavities Studies


Responsible Person(s): R. Calaga (BNL) 

Budget for FY07: BNL $10K, LBNL $45$
Statement of work:

The objective of this task is a study of technical requirements and feasibility of crab system


Crab crossing offers an interesting opportunity to enhance LHC luminosity in a future IR upgrade, most likely for the second round of upgrades. While the approach has been studied for several other colliders, its implementation in the LHC presents several difficulties that lie in the present limitations of RF technology, both in terms of RF deflecting voltage and phase control. The proposed task is to perform a detailed beam dynamics study to better define the system requirements in the LHC, and to integrate this study with a parallel effort aimed at an optimal RF deflecting cavity approach, based upon state of the art cavity as well as RF (amplitude and phase) control.

Task Description:
 
Crab cavity is an RF cavity that works in a dipole mode. The transverse electromagnetic fields of the dipole mode deflect the front of each bunch to one direction, and the rear to the other direction while leaving the center of the bunch intact, thus enabling “large” crossing angles at the collision point without any attendant loss of geometric luminosity. Large crossing angles are fundamentally desirable because they would allow long range beam-beam interactions to be almost completely ameliorated. They may also be technically advantageous, since they may permit side-by-side quadrupole first interaction region optics. 


An LHC interaction region upgrade with large crossing angles becomes necessary if and when beam-beam interactions become intolerable to higher luminosities. This would be a major upgrade, and is not likely to be the first LHC upgrade. Because of the long-term and radical nature of such an upgrade, crab cavity issues are unsupported by current LARP funding – except for modest preliminary accelerator physics studies. A single crab cavity in one of the KEK B rings is being tentatively introduced into operations in 2006. If these ground-breaking studies are successful, and if supplemental funding were available, LARP activities would first focus on accelerator physics and engineering design studies.  

The scope of LARP involvement in crab cavities needs to be better defined and delimited, within a very broad potential range. It is therefore not easily costed at this preliminary stage.  Preliminary studies should include feasibility of using crabbing cavities for the upgrade, questions need to be answered at this phase are:

1. What deflecting voltages at what frequency needed for the proposed crossing angle?

2. Frequency selection to cope with rf nonlinearities and to achieve the maximum deflecting voltage

3. For the given space and the state-of-art SC RF technology, what transverse RF gradient (MV/m) can one achieve?

4. Beam impedance budget for the lower order mode (LOM) and higher order modes (HOM)? 

5. Emittance growth due to RF non-linearities and beam beam effects

6. Inclusion of a 2nd or 3rd harmonic crab cavities to reduce this non-linearity

7. Effects of the other degenerate dipole mode on the beam, what frequency separation is required or what is acceptable impedance if we damp this mode?

8. Studies of phase stability requirements from beam dynamics considerations to prevent emittance growth

9. Technological limits of phase stability controls

10. Other possible options for cavity design (TM010)

In accomplishing this task, we plan to fully leverage the existing knowledge in the community and our recent direct experience working on similar issues for other machines, including the ILC. 
Deliverable(s):

A report on the study, addressing questions 1-10 above the to be delivered by Spring 2007.  The report will also include plan of validation and testing of the technique at US colliders if the studies show that such tests will be feasible as well as manpower and cost estimate and a proposal for future development. 
Personnel: R.Calaga(BNL), D.Li, L.Doolittle(LBL); CERN liaison:  F.Zimmermann(TBC)
Study 1.4.1.4.3: Low Energy Ring Injector Accelerator for LHC

Responsible Person: H.Piekarz (FNAL)
Budget: 15$K (FNAL)
Statement of work:
The goals for FY 2007, which is the first year this task receives LARP funding, are: (i) design the LER lattice including the LER-LHC transfer lines, (ii) evaluate B-field and dynamic aperture requirements, (iii) evaluate threat of beam instabilities, emittance growth and beam losses, (iv) evaluate potential luminosity gains with the implementation of the LER, (v) preliminary considerations of required new major accelerator systems: (1) fast pulsing magnet with its supporting cryogenics and the power supply consisting of multiple switcher cells, transformer/heater and a superconducting dump resistor, and (2) two-bore high-field magnet (7-8 Tesla) with a horizontal orientation of magnetic field, and (vi) evaluate the LER cost in FY07 $. Results of the studies to be presented at the LER Accelerator Workshop at CERN, October 3-4, 2006. It is expected that afterward CERN will decide whether it will proceed with a Technical Design Report for the LER. Correspondingly, this LARP task does not require any budgetary commitment after the initial study stage.   

Deliverable(s):

Presentations on items i-vi are to be made at the LER Workshop. A short summary of them and executive summary of the Workshop will be sent to LARP management in October 2006.  
Personnel G.Ambrosio, S.Hays, Y.Huang, J.Johnstone, V.Kashikhin, H.Piekarz, T.Sen, V.Shiltsev (all FNAL); CERN Liaisons: L.Rossi, G.deRijk
