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Project Overview 
 
Introduction: 
A high (~80%) and precisely known electron beam polarization is considered as a key 
feature at LC to detect and unambiguously interpret new physics signals [1]. Accurate 
measurements of beam polarization will be needed.  The goal for the precision 
polarimetry is 0.25% as explained in [2].  Primary polarimeter is currently envisioned to 
be similar to SLD polarimeter, measuring the asymmetry of Compton-scattered electrons 
near the kinematic edge using a threshold gas Cherenkov counter.  Our goal for this 
proposal is to investigate alternate polarimeter schemes. 
 

i) use of a quartz fiber calorimeter (or counter) for either the Compton-scattered 
gammas or electrons 

ii) W-pair asymmetry using forward W-pairs; determining forward detector 
requirements to do this. 

 
Following the remarkable success of Compton backscattering polarimeters [3] at SLC 
and LEP, this method is a prime choice also at LC [4].  
 
Detection schemes 
The performance of electron polarimeters in the challenging environment at LC will 
crucially depend on the detection schemes for scattered electrons or photons. Quartz 
Fiber Calorimeters [5] have been proposed for a number of applications in extreme 
experimental conditions of very severe radiation levels both at hadron and lepton 
machines. Extensive studies have been carried out for the design of large detectors and 
realistic beam tests on full scale prototypes [6] have been performed recently. In 
particular, the Iowa group has been leading an effort aimed at building a very forward 
QFC (HF) for the CMS experiment at LHC [7] since 1994. The available information and 
know-how collected give evidence that such a type of detector would respond ideally to 
the highest level of requirements for a LC polarimeter, as already demonstrated at SLC 
[8]. QFC are radiation hard at the level of more than 2 Grad. The 0.2 MeV Cerenkov 
threshold makes the detector insensitive to a large fraction of soft radiation. With high-Z 
absorber material (for instance tungsten), the showers corresponding to high energy 
electrons or photons are completely contained in a compact device. Their transverse size 
is so small to provide an excellent position resolution and angle determination. The 
flexibility in the QF arrangement and in the PM readout can be matched to the required 
granularity for space resolution and density for energy resolution. The basic formalism 
for Compton polarimeter is given in Ref [9]. 
 
R&D Program 
Our R&D study of a QFC designed for a LC polarimeter will largely benefit from our 
experience on the QF technology and the calorimetry properties of such devices. We 
gained this experience in the design and tests of the prototypes for the HF calorimeter of 
CMS. This extensive work background means substantial savings of time, efforts and 
costs in case of a specific project for a LC polarimeter detector. We will begin our R&D 
effort with studies and simulations to determine requirements for a QFC polarimeter and 
investigate its systematics. We will compare single and multi-Compton operation, and 
compare electron and gamma measurements. We intend to design and build a prototype 
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QFC module of sub-millimetric granularity using multi-anode PMT (16 or 64 channels) 
for the QF readout. The prototype will be tested over a broad energy range relevant for 
scattered electrons and backward scattered photons. 
 
We propose to perform detailed simulation and engineering studies during the first year, 
to investigate the role of this calorimeter for the electron detection and electron energy 
resolution and photon detection. 
 
We hope to finalize the conceptual design of the polarimeter towards the end of the first 
year, and during the second year, to start design-studies for W-pair asymmetry and we 
will completer Compton polarimeter studies, hardware and beam test in the third year. 
 
Conclusions 
A QFC with optimized granularity and energy resolution for high energy EM Showers 
appears to be an essential component of an electron beam polarimeter at LC. Its 
advantages are radiation hardness, soft background rejection, good localization, and 
directional precision as well as energy resolution. Our group has ample experience with 
this type of detector, as well as with the use of multi-anode PMT [10]. Such accrued 
competence gives us complete confidence in our ability to design, build and test a 
prototype in order to demonstrate its suitability for polarimetry at LC in a timely and 
cost-effective fashion. 
 
Relevant Experience 

• Project leaders Y. Onel and A. Penzo have worked in the field of Experimental 
HEP Spin Physics and polarization for many years.  They invented the “Spin 
Splitter” concept to polarize anti-matter in a storage ring with Robert Rossmanith.  
R. Rossmanith has also developed and designed the LEP polarimeter. 

• Y. Onel and A. Penzo were co-spokesmen for the proposal on Nucleon Spin 
Studies with polarized proton and anti-proton beams at FNAL (E863). 
Onel/Penzo have edited two books in the field of spin/polarization physics, 
namely Spin and Polarization Dynamic in Nucleon and Particle Physics (World 
Scientific, 1990) and Trends in Collider Spin Physics (World Scientific, 1997). 

• Y. Onel and A. Penzo were also involved in the Ultrafast Readout with multi-
anode PMT development RD17 at CERN. 

• Y. Onel and D. Winn have jointly proposed the quartz fiber calorimetry for the 
CMS forward Calorimeter (HF) in January 1994 after prototyping the quartz fiber 
calorimetry using SSC GEM closeout finds.  There are now 6 U.S. and 9 
international institutions (15 in total) in the CMS-HF group. 

 
• The U.S. CMS HF group at Iowa was responsible for: 
1- HF detector prototypes 

a. Engineering design of prototypes and preproduction prototypes and 
manufacturing the modules and components (in the machine shop at 
University of Iowa.) 

b. Engineering design and manufacturing of the Readout box for the 
preproduction modules (in the machine shop at University of Iowa.) 

c. Engineering design and manufacturing of the optical system for the 
preproduction modules. 
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d. Engineering design of the HF calibration system (LASER and LED) and 
development of source calibration systems for the preproduction modules. 

e. Production and engineering design of the HCAL LED drivers (HB, HE, 
HO and HF) and manufacture of prototypes in the electronic shop at the 
University of Iowa. 

2- Selection and purchase of US quartz fibers in addition to the responsibilities of 
procurement procedures, contracts, insurance, quality control at manufacturer 
(CMS IN 2002/028) and delivery schedules and final delivery. 

3- Fiber radiation damage tests and studies at Iowa LIL/CERN facilities 
4- Selection and purchase of Photomultiplier Tubes (PMT’s) in addition to the 

responsibilities of procurement procedures, contracts, insurance, delivery 
schedules and final delivery. 

5- Construction of the CMS-HF IOWA PMT test station facility. 
6- Test and quality control of the HF PMT’s and maintenance of a web-based 

database. 
7- Design and construction of the HF light guides for the first two wedges (2 of 36) 

in the University of Iowa machine shop.  Procurement of the light guide material 
for the remaining 34 wedges. 

8- Design and construction of the source distribution mechanics, including source 
tubing couplers and coupler pins in the (University of Iowa machine shop.) 

   
Deliverables 
We will concentrate on the Monte Carlo simulations in FY05.  We will produce a 
Report/Research Document showing the results and the details of our Monte Carlo 
simulations for the specific geometries and configurations as shown in our proposal to 
design a Cherenkov Calorimeter for LC. 
We will initially focus on the simulations/study necessary for developing the detector 
requirements and estimating systematic errors.  If we are successful in 05, we propose to 
continue with our R&D by constructing a prototype in 06-07.  We will be collaborating 
with the group of Dr. M. Woods/SLAC and Eric Torrence/U. Oregon on this research. 
 
Budget 
Institution Item FY04 FY05 FY06 
Iowa  Partial support for grad. student $6.0k $6.0k $6.0k 
IowaState Partial support for grad. student - - - 
Fairfield Support for undergrad. student $6.0k - - 
Iowa Quartz Fiber (QP) 2km - $5.0k - 
Iowa Copper Absorber - $4.5k - 
Fairfield 5 Multi-anode PMT (H6568) - $9.0k - 
Iowa Engineering - - - 
Iowa Travel $2.0k $2.0k $4.0k 
IowaState Travel - - $4.0k 
Fairfield Travel $2.0k $2.0k $4.0k 
 Indirect cost @ 25.5% $ 4.1k $ 7.3k $ 4.6k 
 Grand total $20.1k $35.8k $22.6k 
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Available equipment: FERA ADC 160 channels, discriminators, DAQ equipment, 1 16-
channel H6568 PMTs, and calibration electronics and equipment to test QF Calorimeter 
(LED systems, Laser systems, PIN diodes systems, and radioactive source calibration) 
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