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Abstract
The muon detection system of CMS is composed of three different detector technologies: Drift Tubes (DT) and Cathode Strip Chambers (CSC) provide precision tracking in the central and forward regions, respectively, while Resistive Plate Chambers (RPC) provide fast information for the trigger. While the low eta (<1.6) region of the forward muon trigger system is instrumented with RPCs, the high eta (>1.6) stands empty at present due to the fact that RPCs cannot withstand the hostile environment. With the luminosity increase planned at the SLHC, it is expected that the forward part of the muon system (in particular the RPCs) will not be capable of sustaining the particle rate, and more advanced gaseous detector will have to be developed in order to preserve the physics performance of CMS. Micro-Pattern Gas Detectors (MPGDs) are an appealing option for a future upgrade of the forward part of the muon system, as they may be able to provide precision tracking and fast trigger information simultaneously, and they can be designed with sufficiently fine segmentation to cope with high particle rates at LHC and its upgrades. A well-focused R&D program is planned to assess the feasibility of such solution.
Index

1. Introduction – High Eta region, High luminosities, Phase I and II, 

2. Requirements of the high eta detector 
3. Present Activities, Choice of micro-pattern detectors
4. MPGD small prototype tests, choice of Triple GEM 

5. Readout Electronics and hardware

6. Integration in CMS 

7. Mock Up and Prototype activities

8. Resources Currently Available
9. Outlook for Feasibility, Phase I and Phase II
10. Participating Institutions

11. References 
12. Figures

1. Introduction

The CMS Forward Muon system [1] comprises four stations namely disks YE1 to YE4, of which the first three are instrumented with Resistive Plate Chambers, and the fourth station YE4, initially de-scoped, is being up-scoped with both CSC and RPCs detectors. 

The muon system provides both the level 1 high transverse momentum trigger and the offline muon identification. The trigger consists of the coincidence of the three stations, along with the muon barrel trigger giving bunch crossing identification. Each station is segmented in logical strips of different sizes, increasing with radial distance from the beam axis; the four different -trigger sectors are named, with increasing radial distance from the beam pipe.
The Forward Muon RPC trigger system is equipped with detectors at >1.6. For this low eta region, extensive tests were performed over several years in order to validate the RPC technology, the gas mixture and operational regime namely particle rates of the order of few 10 Hz/cm2 [2]. A very sophisticated gas system was commissioned in order to recuperate the expensive components of the gas and to filter the pollutants and contaminants produced during chamber operation. These were successful in concluding that only the low eta region could be instrumented with detectors, as the high particle rate environment and radiation conditions at the high eta (>1.6) region would inhibit stability and rate capability during sustained operation. Thus the high eta region of CMS is presently vacant and presents an opportunity to instrument it with a detector which may sustain the environment and may be suitable for operation at luminosity upgrades of LHC. 
2. Requirements of the high eta detector

The high eta environment represents hostile conditions of particle fluence rates of several 100 Hz/cm2 up to several kHz/cm2 for LHC Phase I and Phase II luminosity upgrades of 1034 cm2s-1 up to 1035 cm2s-1. In addition the rates of thermal neutrons, low energy protons and ’s must be taken into consideration. Hence the most stringent requirements for a detector at high eta which can sustain operation from Phase I up to Phase II would be:

	Rate Capability for charge particle rates
	104 Hz/cm2


	Ageing under one year of continuous operation 1011 cm-2
	> 7 mC cm-2


	Discharges at a probability of 10-12/particle
	10 discharges cm-2 year-1

	Time Resolution
	<5 ns

	Space Resolution 
	 250 μm – 500 m 

	Efficiency
	> 97%


Table 1: Requirements for a detector at high eta
Since the last six months an effort has been focused on looking for alternatives and micropattern detectors (MPGDs) [3] seem to be the detector of choice for this region.
3. Present Activities, Choice of MPGDs

We have undertaken an investigation of MPGDs as candidate technology to instrument the vacant zone in the forward part of the CMS detector namely, 1.6 > η > 2.4 (see figure 1). Using an MPGD with enhanced and optimized readout (η−φ) granularity and improved rate capability by two orders of magnitude we propose a detector which can improve the contribution to muon trigger efficiency and combine triggering and tracking functions. 
While there are several micropattern detectors, two types are contenders for this application, namely the micromegas (MM) [4] and the gas electron multiplier (GEM) [5]. The micromegas is a detector made with a metallic mesh which exploits the property of operational gas mixture which has an exponentially increasing Townsend Coefficient at very high electric fields. The gas electron multiplier on the other hand is a thin metal-coated polymer foil perforated with a high density of holes (50-100/mm2); each hole acting as the multiplication region. GEMs can be used in tandem thus making a double or triple GEM detector delimiting the gas volume with a drift cathode and customized readout anode. 
Both detectors have the potential for going into production of large areas (1m x 2m) with cost effective industrial processes, have been demonstrated for stable long term operation and have negligible discharge probability. Both detectors have been installed at the COMPASS experiment [6] in 2002, and have been working since. The COMPASS detector was also operated for one week with a 25 ns LHC like structured hadron beam, the intensity on the detector was 5.106 pions per spill of 5 s on a surface of approximately 1cm2, similar to the one encountered for luminosities L = 1033cm-2s-1. The GEM worked properly without any observed deterioration of the detectors [7]. The LHCb first muon station, where expected rates are ~ 500 kHz/cm2, Triple GEMs [8] have been installed, and ATLAS is considering the micromegas [9] for it muon upgrade. 
For Triple GEMs, with a gain of ~ 2.104, very good gain stability was measured up to a photon flux of about 5x107 Hz/cm2 [10], and extensive aging measurements have been performed in the past. On a COMPASS triple GEM operated at the gain of 2.104, a charge of 20mC/mm2 has been integrated on the readout board [7]. No sign of aging has ever been observed which implies that the detectors could be operated without degradation at even higher integrated charges. If one operates at lower gains say ~8000, there is a further optimization margin for a high eta detector at higher luminosities for Phase II LHC. 
GEMs are gaseous detectors and have a finite probability of exhibiting a breakdown of the gas rigidity or discharge. Systematic investigations of the effect [11] have been studied extensively by LHCb, the most critical one is the measurement of the discharge probability [5] of a triple GEM detector in a high intensity, low energy beam at PSI, the beam that best simulates the conditions most likely encountered at the LHC. It has been demonstrated that a detector does not deteriorate after multiple discharges with large repetition rates if the amplifiers of the GEM electronics are properly protected.
The full understanding of the operation of GEM detectors in high neutron and gamma fluxes, as expected in the high eta region, demand further studies. A Monte Carlo simulation of neutron effects is necessary and tests in a neutron beam on a triple GEM prototype will complement these investigations.
4. MPGD small prototype tests, choice of Triple GEM 
We started prototype tests on two identical micromegas and triple GEM detectors 10x10 cm2 in size and have done extensive tests including a beam test during October 2009. In Figure 2 some preliminary results are shown.  Both detectors were operated with a non flammable gas mixture of Argon-Carbon dioxide which is intended to simplify the gas system. Compare the warming potentials of Freon and Carbon dioxide [13].

With preliminary results from the small prototypes and with collaborators who already have experience in building Triple GEMs we have decided to go ahead in the direction of building a full scale mockup and a full scale working prototype detector. Preliminary results may be found here:
http://indico.cern.ch/getFile.py/access?contribId=30&sessionId=10&resId=1&materialId=slides&confId=67916  
We have launched the design of a full scale mockup and a working prototype for the high eta region of disk YE1, ongoing meetings are documented at: indico: 
http://indico.cern.ch/categoryDisplay.py?categId=1865 
The ongoing work implies detailing mechanical design including mechanical envelope for the readout electronics, services and routing. Production of the prototype will follow once boundary parameters are understood. The main goals imminent are analyzing test beam data, building the large size mock up to understand services, and then proceed to build the large size prototype to understand performance. In addition we would need to do background simulations, measurements and calculations.

5. Readout Electronics and hardware

The electronics is being developed by our Sienna and Pisa collaborators. The VFAT chip that has been designed for TOTEM is our baseline solution. A digital on/off chip, the VFAT has an adjustable threshold for each of 128 channels. It uses quarter micron CMOS technology and measures 9.43mm by 7.58mm. The trigger function provides programmable “fast OR” information based on the region of the sensor hit. This can be used for the creation of a trigger. Tracking function provides precise spatial hit information for a given triggered event.

6. Integration in CMS 

As mentioned earlier, this proposal focuses on utilizing the vacant trigger zone 1.6 > η > 2.4. Given constraints from integration we intend to extend the detector as far as possible in eta towards the beam pipe as possible. 
In figure 3 an integration model of the GE1/1 type chamber is presented. 
It occupies the zone earlier reserved for the resistive plate chambers, and we have started by using that envelope. We are studying how to stagger layers of the sensitive zone in the detector for avoiding fake hits, and detailed simulations are needed to calculate rates as a function of eta-phi to optimize the readout board of the detector.
The next steps are:

Engineering Design up to eta 2.4

Evaluate the improvement in trigger and tracking efficiency

7. Mock Up and Prototype activities
The 3D model of the mock up designed to study the mechanical constraints, location of services and gas studies are shown in Fig. 4.  The main objective is to build one operational GE1/1 size prototype chamber in 2010 after completing the construction of a mock up. 
8. Resources Presently Available

	
	
	

	Physicist
	0.5
	

	Ph. D Student 
	1.5
	

	Design Engineer
	0.2
	

	Technician
	0.5
	


9. Outlook for Phase I, Phase II

Feasibility Studies
GE1/1 

GEi/1

Disks YE2, YE3 and YE4 have a slightly different geometry for the GEM Endcap (GE) chambers and hence, investigation on those will commence after gaining experience with the first station GEi/1. As the high eta region is divided into four disks, presently we have focused on the first disk, namely YE1 for evaluation of the feasibility of the project. A tentative resources and schedule for the feasibility study is shown in Table 2.
10. Participating Institutions

This project has started out by forming a collaboration of the following partners.  

1. CERN CMX-DS (CMS collaborators)

2. CERN PH-DT, EN-ICE

3.  LNF (CMS)
4. Gent (CMS)
5. Florida Tech (CMS)
6. Peking University (CMS)
Furthermore, interested partners are:

1. BHU India

2. NISER India

3. Delhi University India (CMS)
The partners are already actively pursuing either basic or application oriented R&D involving the Triple GEM concept. This project will focus on experimental and simulation tools, characterization concepts and methods, design and validation at test beams and long term irradiation, and methods and infrastructures for MPGD production. An intensified communication between the cooperating teams will be fostered in order to better understand the  technical issues relevant to detector operation optimization, discharge protection, ageing and radiation hardness, optimal choice and characterization of gas mixtures and component materials, availability of adequate simulation tools, optimized readout electronics and readout integration with detectors, as well as large scale detector production aspects. The first two interested partners are active in data analysis in large experiments, while the third one has actively contributed to the Pre-shower detector in CMS.
The construction of the prototype detectors will be shared amongst the partners. Both CERN and LNF sites are fully equipped for the detector construction and testing. CERN takes the responsibility for the mechanical design of the detectors, the engineering and the production of the HV divider, and the design and production LV-boards and the material procurement for detector construction. Tooling related to stretching the GEMs needs to be engineered, CERN with help from Frascati is working on this. Sienna/Pisa will be responsible for the front-end electronic board design and production and the design of the HV divider. Other collaborators will participate in lab and beam tests and data analysis of the prototype.
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Fig. 1 The position of the high eta chambers within the CMS Forward Muon system. The red lines on the sketch represent RPCs, The dark blue lines represent the high eta zone and the possibility of coverage upto eta = 2.4. The photo highlights the ‘nose’ region of the CMS endcap disk which houses the high eta muon chambers.
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	Triple GEM Prototype: Gain Ar-CO2 Red  90-10 ; Blue 80-20
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Fig. 2. Above: GEM prototype in the lab, gain measurements with X-rays.

Below: Beam tests during Oct. 2009 with prototype Triple GEM and Micromegas mounted on test bench; beam profile, and space resolution residuals respectively.
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Fig. 3: Integration of detector within CMS: preliminary model using the envelope permitted for RE1/1.
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Fig. 3 Some views of the 3D model of the Triple GEM for a high eta CMS chamber. Above: Outer box with cutouts for electronics, and a GEM foil with sectors for HV.
Below: Complete sandwich of the Triple GEM detector, study of gas flow inside chamber using ANSYS.
Table 2: Project Resources and Schedule
	Project Milestone
	Resources 
	Duration 

	DETECTOR


	
	

	Design Mock Up
	0.5 Engineer + 1 Physicist
	Two months

	Build Mock Up
	0.5 Engineer + 1 Tech
	Two months

	Design Prototype
	0.5 Engineer + 1 Physicist
	Two months

	Build Prototype
	0.5 Engineer + 1 Tech
	Three months

	Tests Prototype
	1 Physicist + 1 Student + 0.5 Tech
	6-8 months

	Test Beam (prep and beam period)
	1 Physicist + 1 Student +0.5 Tech
	Four months (Spread over both TB periods)

	Data Analysis of TB data
	1 Physicist + 1 Student
	Four months

	SERVICES and INTEGRATION


	
	

	Gas 
	1 Engineer + 1 Tech
	Four  months

	Cooling
	1 Engineer + 1 Tech 
	Four months

	HV / LV
	1 Engineer + 1 Tech 
	Four months

	HV Divider and Production tests
	1 Physicist + 1 Engineer
	Four months

	
	
	

	FRONTEND ELECTRONICS


	
	

	Design and tests
	1 El engineer + 0.5 tech + 1 Phys
	Six months

	Board pre-production tests
	1 El engineer + 0.5 tech + 1 Phys
	Six months

	
	
	

	
	
	


The total cost for detector components for 1 triple-GEM detector of GE1/1 size is estimated to be about 30,000 CHF for the prototype. Details can be given after experience of construction of the complete prototype.
* Contact Person – A. Sharma CERN � HYPERLINK "mailto:Archana.Sharma@cern.ch" ��Archana.Sharma@cern.ch� 
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