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The setup consists of a probe with a SQUID sensor and room temperature electronics and a computer with custom software written in MATLAB environment. The setup has the following characteristics:
SQUID sensor dimensions:


2.5 x 2.5 mm

Magnetometer effective area:


0.5 mm2
Low-signal tracking bandwidth:

1.5 MHz

Slew rate:




105 Φ0/s
Maximum rate of monopole-like flux jumps:
4·105 Hz
Electronics noise level:


10-5 Φ0/Hz1/2
Maximum measurable magnetic field:
5 G

Digital output resolution:


24 bits

Fiber-optic channel data transfer rate:
16 kS/s
The SQUID sensor (Fig. 1) is a magnetometer integrated with the pickup coil on a single 2.5x2.5 mm chip designed at Stony Brook University for Los Alamos National Laboratory and intended for measurements in high AC magnetic fields.
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The input pickup coil composed from eight sector-shaped loops connected in parallel to optimize the SQUID inductance and the sensitivity to magnetic field. The input coil has 0.5 mm2 effective area and can be directly used for measurement of magnetic field.

SQUID chip could be used in the proposed monopole experiment. It can be done using a magnetic rather than galvanic coupling with the proposed gradiometer. inductively coupled with the gradiometer coils. Besides, it is within of our reach to deliver a unique wafer size (~6”) circuit containing a SQUID along with a high-order gradiometer coil. Such integrated circuit would provide an ultimate balance of the gradiometer loops as well as optimal coupling with the SQUID.


The unique feature of this SQUID sensor design is its ability to retain its characteristics and measure magnetic fields as high as several Gauss, which is about 100 times higher compared to commercially available SQUIDs. This makes it possible to use such sensor in the presence of very strong parasitic magnetic fields that could be expected in a potentially noisy environment of RHIC collision site.

For this experiment, the SQUID was located inside of niobium capsule to shield it from outside magnetic fields. The capsule was mounted at the lower end of the probe that can be immerged into liquid helium through ½” neck of a standard transport Dewar.

To provide even better robustness of the measurements the sensor contains a heater that allows eliminating of occasional flux trapping using a fast (~10 ms) thermo cycling procedure. 
The functional diagram and photograph of the SQUID electronics are shown in Figs. 2 and 3. 

[image: image2]
To provide the fastest response time and an ability to measure static IV-curves we implemented a direct (or DC) connection of the SQUID sensor with input amplifier Amp. The amplified signal is digitized using a high (24-bit) resolution ADC that transfer digital data corresponding to measured magnetic flux up to 10 Φ0. This feature is highly valuable for a noisy environment when small signals should be measured on the background of a strong magnetic interference.

The setup can operate in two major modes. In the first (adjustment) mode, when the switch S1 is in upper position and S2 closed, the setup measures I-V and Φ-V curves of the SQUID that are important to know for debugging purposes. At opposite positions of S1 and S2 keys, the setup measures flux applied to the pickup coil.
It is expected that the monopole passing through the gradiometer induces a step-like. This kind of signals with very wide bandwidth are unusual for conventional SQUID systems, which are traditionally designed for continuous tracking of signals with limited bandwidth and slew rate. 
Unlike commercially available SQUID systems, our setup is optimized for measuring the amplitude of rapid flux jumps, which makes it possible to detect monopoles fast moving through the gradiometer.
Two setup features allow to achieve this goal. The first one is derived from 8-loop design of the pickup coil that provides 8 times attenuation of the flux measured by the SQUID. In other words, 2Φ0 in one of loops is measured as 1/4Φ0 flux jump. As a result, the working point of the SQUID remains on the same linear part of the signal characteristics regardless of the maximum slew rate of the electronics. After the jump, the feedback circuit returns the working point to the initial (zero flux) position with the maximum slew rate and makes the system ready for detection of the next flux jump.

The system bandwidth of 1.5 MHz results is a maximum slew rate of 105 Φ0/s, which enables detection of monopole induced jumps with repetition rate up to 4·105 Hz as well as proper tracking of system noise and low frequency magnetic interference.
All functions of the SQUID electronics are completely controlled by a computer. To do so the computer is coupled with the electronics via a duplex multimode fiber-optic cable. This fiber-optic connection is unique and it is not available in commercial SQUID setups. Two main advantages of fiber-optic connections are the simplicity of remote (up to several kilometers) control and practically ideal “shielding” of the connection channels from strong electromagnetic fields that could be generated during proposed RHIC experiments. 
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An auxiliary coaxial connector is provided for direct visualization of high-frequency analog signal available at the amplifier output.
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Fig. 1. SQUID sensor design. a) Chip layout. b) Zoomed view of central part





Fig.2. Functional diagram of the SQUID electronics.





Fig. 3. SQUID electronics mounted in a shielded 4.5”x 7” enclosure
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