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Background 
 
Achieving the desired luminosity at the Linear Collider will be critically dependent on 
the beam shape and dimensions. Providing real-time feedback will be necessary to 
optimize the machine parameters. The degree to which the science program is successful 
will be a sensitive function of the effective beam diameter. It has been proposed to 
measure the beam profile using the distribution of background e+e- pairs (1,2). One 
possible detector scheme involves using 3D silicon sensors (3,4) for their speed and 
radiation hardness. 
 
Another important metric for optimizing the machine performance is a continuous, direct 
measurement of the luminosity.(5) Ideally this would be on a pulse-by-pulse basis, which 
in the warm design would require a time resolution on the order of one nanosecond. This 
detector would be a calorimeter and hence would see a large signal and would not need to 
resolve individual minimum-ionizing tracks. Both speed and radiation hardness are 
required. Either 3D silicon sensors (6,7) or thin planar sensors should be suitable for this 
application. 
 
The proposed running of SLAC End Station A in a spray mode (8) to mimic the 
conditions expected at the Linear Collider in the far forward region presents a unique 
opportunity to explore the performance of proposed technologies for the luminosity 
monitor and beam profiler. 
 
 
Purpose 
 
The main goal of this test would be to demonstrate a signal charge collection time of less 
than 1.4 nanoseconds in a silicon sensor under conditions similar to those expected for a 
beam profile monitor or luminosity monitor at the Linear Collider. We plan to make 
measurements using both 3D sensors and thin, planar silicon sensors. Calculations 
indicate that for drift distances under 100 microns, it should be possible to collect all the 
signal charge in less than the required 1.4 nanoseconds. 
 
There are several secondary goals.  
 
One is the testing of a fast preamplifier circuit designed at CERN. The existing, 0.25-
micron-technology chip has 32 channels and has a rise time of about 4 nanoseconds.(9) A 
new 0.13 micron-CMOS chip is expected to be about twice as fast and should be ready 
by next June. 



Ideally, some of these silicon sensors would be irradiated to fluences comparable to those 
expected at the Linear Collider. Our group will make an effort to have irradiated samples 
ready for these tests. 
 
Description of Apparatus 
 
For the primary timing measurement a fast oscilloscope with a bandwidth of at least 1 
GHz will be connected directly to the silicon sensors via a coaxial cable of as short a 
length as feasible. This cable should be optimized for high frequencies. This can be read 
out to a PC. Beam timing information or a local scintillator can be used to provide an 
absolute beam timing reference. 
 
Since most of the silicon sensors are subdivided in to strips, we can vary the area read out 
per channel. This will allow studying the performance of the system with different load 
capacitances and interactions between sensor elements. 
 
If enough sensors and electronics are available, it would be very interesting to interleave 
a few layers of tungsten or other dense, high-z material with a couple layers of sensors. 
We envision at least having an insertable pre-radiator available for a single sensor layer.  
This would provide considerable information on the performance of these technologies as 
a calorimeter. 
 
The 32-channel amplifier can be read out in a similar manner as above, since data from a 
few channels should be sufficient for these studies. 
 
Appropriate 3D and thin planar silicon sensors exist now. We have several 3D 
geometries, which should be fast enough and radiation hard. There are also planar strip 
sensors around 100 microns thick. An image of such a thin planar sensor with active 
edges is shown below in Figure 1; the sensor area  is 1.2mm x 3mm. 
 
The detector will be mounted on a (SLAC-provided) stand.  A tentative location for this 
in ESA is shown in Figure 2.  It will be located at the upstream end of ESA just after the 
alcove region, and upstream of the hardware proposed for T-474 and T-475.  The detector 
will be located in air, not vacuum.  To perform the beam test, a spool section of beampipe 
needs to be removed and the beampipe terminated in a thin (10-mil) stainless window. 
 



 
Figure 1:  Planar Si Strip detector 

 
 

 
 

Figure 2:  Proposed location for this test beam experiment in ESA.  It would  
be after the alcove and upstream of hardware proposed for T-474 and  
T-475. 

 
Beam Requirements 
 
For these tests to be made requires the beamline to be operated as described in the spray 
electron mode as described by Arnold and Fieguth (8). The desired particle density is 
variable up to 50/mm2; with the high density the detector signal will be readily 
measurable without amplification. We desire to run for four days in single bunch spray 
mode: 2 days set up and 2 days data taking. Single bunch mode will make the timing 
measurements easier to perform and interpret. A beam repetition rate of 10 Hz is fine. For 
initial tests, the spray beam energy is not critical, and any spray beam energy in the 2-10 
GeV range is acceptable.   
 



When doing the primary timing measurements fluxes near 104 per bunch are desirable. 
Lower fluxes might be better for testing the pixel electronics and perhaps the fast 0.13-
micron-CMOS amplifiers.  
 
Multi-bunch or two–bunch mode with bunch separations as close to the 1.4 ns of the LC 
warm design would be very interesting as well. 
 
 
Collaborators 
 
Tohoku University (Hitoshi Yamamoto, Peter Schoenmeier) 
- Fast pixel electronics 
CERN (Giovanni Anelli) 
 - Fast ASIC electronics 
University of Hawaii (Sherwood Parker) 
 - Mechanical structures and simulations 
Brunel University ( Cinzia Da Via, Angela Kok, Jasmine Hasi) 
 - Supply fast electronics, data analysis 
Molecular Biology Consortium ( Chris Kenney) 
 - Supply special silicon sensors, DAQ, scintillator/PMTs 
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