MAGNETIC SPECTROMETR BASED ON THE STRAW OPERATED IN VACUUM ENVIRONMENT 
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Design and main characteristics of a large-scale detector based on straw tubes is presented. This detector is aimed to provide high track spatial resolution, operating in vacuum environment. The first module of the detector is now ready for production, to be used in the NA62 experiment at CERN SPS.
One of the key directions in kaon physics is the investigation of the so-called golden modes of the neutral (KL) and charged kaon decays: kaon decaying into a pion and two neutrinos. This allows the unitarity of the Cabibbo-Kobayashi-Maskawa (CKM) matrix to be tested, which represents a stringent test of the Standard Model (SM). This decay of charged kaon is a flavour changing neutral current loop process with suppression of highest order of CKM and good description via Z-penguin and W-box diagrams. This process is very clean theoretically because short distance contributions dominate in the matrix element, and hadronic matrix element can be measured from Ke3 decays.

Experimental study of these decays is inhibited by their very small branching ratios, which are of the order of 10-10 for both modes. The current status of investigation of these decay modes is: an upper limit of 2.6(10-8 at 90% CL has been set in the neutral mode by the KEK E391a experiment [1]; and 7 events were observed in the charged mode by the BNL E787/949 experiments using kaon decay in rest technique, which translates into a branching ratio of 17.3(10-11 with a ~60% relative error [2]. The latter is consistent with the SM prediction of 8.0(10 11. A study of charged kaon decay at a higher precision is the main goal of the future NA62 experiment at CERN SPS [3].

The NA62 plans to detect about 100 signal events in two years of data taking with a background of about 10%, which will lead to ~10% relative error in the branching ratio measurement. The above background limitation translates into a requirement of an excellent resolution on the kinematic variables: it must be better than 1% for pion momentum, better than 0.3% for kaon momentum, and about 50 micro radians for the angle between the kaon and the pion. 

The latter is very important for kinematic rejection of up to 11 orders of magnitude background in the missing mass squared distributions. To obtain such angular precision, it is important not only to have a good spatial resolution of the detector, but also to minimize the multiple scattering of the charged pion track traversing the experimental setup. That is why it is necessary to use very thin detector in vacuum environment.

In the previous CERN kaon experiment, NA48, the drift chambers constituting the magnetic spectrometer were placed into a helium environment at nearly atmospheric pressure. On the contrary, both kaon decay and pion detection will take place in a vacuum volume of the new NA62 experiment. A straw-based detector is considered the most suitable option for that for the following reasons: it has small amount of material in the detection region, and provides a good spatial resolution; moreover it is possible to form a vacuum region for the beam without any flanges, by using the geometry of straw positioning only.

Hostaphan RNK 2600 material of h=36 µm thickness coated with copper (h=0.05 µm) and gold (h=0.02 µm) has been chosen as the straw material. The full length of the produced straws with a diameter of around 10 mm is about 2.5 meters; the straw pre-tension inside detector is about 1 kg. Straw straightness is secured by two intermediate supports.  The diameter of the tungsten anode wires is 30 µm. Straw baseline non-flammable gas mixture is CO2/isoC4H10/CF4 (90:5:5). The total detector radiation length is about 1%X0 (0.2%X0 per each 2-coordinate module). 
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An ultrasound welding technique has been chosen for straw production to achieve a minimum elongation of straws in time due to pretension. A custom straw welding machine (shown in Fig.1) is currently ready. The speed of straw production is about 1 m per minute. The welding machine consists of an ultrasonic head, and anvil and a transportation shuttle (frame). The seam width is in the range of W=(0.4–0.8) mm. 
To improve the welding procedure, another welding machine has been designed and is being manufactured. The main feature of the new machine is: its ultrasonic head is positioned on one side of the tape instead of top positioning used in previous one. Such construction allows to complications due to the weight of the head to be avoided, yielding the full control of the head pressure exerted on tape during welding.
Fig. 1. The straw welding machine.

The first prototype of the straw detector was designed and constructed in Dubna in 2007. It consists of 48 straws of 2300 mm length each: 36 straws aluminized on both sides, and 12 straws gold-plated on one side. This prototype was tested in cosmic rays at Dubna with a gas mixture Ar/CO2 (80:20). The spatial resolution was about 110 micron. To simulate and study the behaviour of straws and their response in the detector, GEANT4 [4] and GARFILD [5] programmes were used. A programme developed at JINR has been used for track reconstruction for this and the following prototypes.

About 770 million experimental events for study of straw spatial resolution and efficiency with a slow gas mixture CO2/isoC4H10/CF4 (80:10:10) were recorded during the 2007 experimental run using a front-end chip ASD-8, with various HVs and thresholds. The data analysis has shown very high straw efficiency of over 99.9%, and high straw spatial resolution of about 40 microns.
During the 2008 experimental run, the 48-channel prototype was tested with various gas mixtures (CO2/isoC4H10/CF4 and Ar/CO2) and various front-end electronics (CARIOCA and ASDQ). New electronics boards and electronics systems have been produced. A high rate test has been carried out.
The spatial resolution for slow gas mixture CO2/isoC4H10/CF4 (90:5:5) has been measured to be 40 microns (35 microns from GARFIELD simulation), and the efficiency is 99.98% up to R=4.7 mm for the straw nominal radius of R=4.9 mm. For fast gas mixture Ar/CO2 (80:20), the straw spatial resolution is worse, at about 120 microns (in agreement with GARFILD simulation). Resolution and efficiency become worse when the charged particle rate increases to 0.5 MHz per straw, but not dramatically. CARIOCA has been chosen as the front-end chip.

A new 64-channel straw prototype was designed and produced at CERN in 2010. It was constructed to test the full technology of the detector production, geometry of straws, wire insertion and positioning, gas flow, electronics connection, etc. This prototype consists of 64 straws: 32 straws with aluminium coating and 32 gilded straws. An experimental run was carried out at the CERN SPS in 2010 to test straw and wire positioning, straw bending, grounding concept, cross-talks, new front-end boards based on CARIOCA, TDC binning (0.1 ns/ch), DAQ based on TELL-1 board as a baseline NA62 read-out module, straw spatial resolution and efficiency; to carry out straw rate test up to 0.65 MHz per straw and straw local rate capability up to 200 kHz/cm2. Various gas mixtures were used, including fast gas mixtures Ar/CO2 (70:30), Ar/CO2 (80:20) and slow gas mixture CO2/isoC4H10/CF4 (90:5:5). Experimental data were recorded for various thresholds Th=(5-7) fC and gas gains G=(4·104  -  2·105). The data analysis of this run is now in progress.
In parallel a full 2-coordinate module has been designed and constructed. Two such modules rotated by 45 degrees with respect to the each other form a full 4-coordinate detector. A square frame shape of the detector has been chosen from the technological point of view. Schematic view of a design and positioning of the detector inside NA62 vacuum tube is shown in the Fig. 2.

	The components of the first module - Module-0, have been ordered at the EUROMEC company, and should be at CERN at the end of November. To start straw module assembling in January 2011 special tooling has been designed and is ready for installation.

A design of interfaces for insertion of the 4 straw detectors into the experimental setup is in progress. 

During the production of straws and straw detectors a special database has been designed and tested at JINR and will be employed.
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Fig. 2. One straw detector schematic view into the vacuum tank of the NA62 experiment


The first test of the Module-0 with the NA62 experimental setup is planed during the October-November 2011 experimental run.
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