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FIG. 12: Bend plane view of the trajectories of one of the two muons resulting from the muonic decay of a

7 GeV virtual photon (which has xF of 0.0, 0.2 or 0.4) in an 8 T-m spectrometer.

3.1. Beam and Targets

The requirements for the beam are 2 × 1012 protons/s and a total of 5.2 × 1018 protons on

target3. The exact spill cycle remains to be worked out, but one possible way to achieve this in

a two year run is by delivering 1013 protons in a 5 s slow extraction spill every minute [71]. The

maximum beam spot size of 5 mm vertical by 10 mm horizontal and maximum divergence of 2

mr in each direction. The primary beam will stop in a 170” long trapezoidal copper beam dump

starting with a 3” vertical height at z=0 extending to a 12” vertical height at z=170”. Since the

dump will absorb an average of 6400 watts of beam power, it will be water cooled with a closed

loop recirculation system similar to the E866/NuSea beam dump.

3 The integrated number of protons on target is the same as in the original proposal. To minimize the impact
on other proton users at Fermilab, the instantaneous proton intensity has been doubled, thus requiring half the
number of accelerator cycles to deliver the needed integrated luminosity.
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FIG. 13: Non-bend plane view in an 8 T-m spectrometer. Only muons which pass around the beam dump

in the bend plane contribute to the acceptance and so the beam dump is not shown.

The experiment will use 50.8 cm long liquid hydrogen and deuterium targets, three nuclear

targets of approximately 10 gm/cm2 thickness and a dummy liquid target cell. The targets would

be remotely interchanged. In E866/NuSea, this was done every 5 spills in the 40 s between spills.

A similar rotation is envisioned for E906/Drell-Yan, depending on the final accelerator cycle. The

target rotation would be such that the hydrogen target will be in the beam 35% of the time;

deuterium–26%, dummy liquid cell–4% and nuclear targets–35% (split between the three nuclear

targets). The exact choice of nuclear targets has not been made but they are likely to be carbon,

calcium or iron and tungsten. An advantage of iron would be a more direct comparison with the

CCFR data. Tungsten would extend the nuclear dependence studies to a heavy nucleus, especially

for the energy loss studies. Fermilab has been asked to provide the beam line instrumentation and

suitable targets (either reusing the E866/NuSea targets or a new target system).
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Hodoscope concept from proposal
for Stations 1 & 2
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scint 
length 
(cm)

array 
width 
(cm)

#PMTs
array 
width 

/16 (cm)
1V 69 99 16 6.2
1H 50 137 16 8.6
2V 88 170 16 10.6
2H 85 175 16 10.9

issues: high rates at edges 
(0-deg μ’s) and stray fields
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scint length 
(cm)

array width 
(cm) #PMTs

1V 152 169 19
1H 169 152 17
2V 132 178 20
2H 178 126 14
3V 152 178 20
3H 178 152 17
4V 90 394 45

• 2 copies of each array
(HERMES top/bot) 

• scintillator bars all 13 cm wide,
staggered with 1/3 overlap
→ 4.3 cm granularity

• scintillators 1/4” thick, x 13 cm 
width = area-match to PMTs’ 
1.25” diameter cathodes

• PMTs from ARGUS (free! ☺), 
old but w μ-metal & iron shields

HERMES Muon Hodos



3

1 meter



N.C.R. Makins (UIUC), E906 Collab Mtg, LANL, Jan 7, 20094
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• PMTs: PMTs + bases available from HERMES (H1,H2 and ARGUS 
tubes from uHodos), G0, ZEUS (w/out bases)
→ use as many as possible given quality & rate limits
→ buy new or rewire bases for high-rate / high-field paddles only

• supports: have to be designed and built

• manpower: Illinois & ACU (both: technician + undergrads ... 
anticipated UIUC grad student would work on software instead)

• rates: at edges, 50 MHz for 10 cm 
wide paddle! (saturates beam rate)
→ critical factor for granularity
→ use narrower paddles at edges

• scintillators available: plenty of 
material from HERMES μhodos
→ back at UIUC in March/April
→ resize where necessary
→ refabricate lightguides where nec

Basic Strategy for 
Stations 1 & 2
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Critical-path Decisions

5

➊ Hodoscope granularity: need to know rates at edges

➋ PMTs: need for new tubes and/or bases depends on rates, 
     fringe fields, and quality of existing tubes & bases

➌ frame design: need layout of front region ... 
     ideally a CAD file of the spectrometer for all to use

need final FMag design and Monte Carlo thereof 

→ how reliable / final are current estimates?
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Task List

6

• PMTs and bases

• test existing: for quality, max rates, & max fields possible

• purchase new as necessary

• Scintillators

• resize as needed (milling, polishing, rewrapping)

• test existing materials for radiation damage 

• Lightguides: resize / refabricate as needed

• Supports: design and fabricate

• Manpower: figure out distribution between ACU and UIUC

• both have necessary capabilities for PMT, scint, lightguides

• ACU: coordinate with S3 and S4 work

• UIUC: John Blackburn good candidate for support design

• Rough schedule: testing in summer, fabrication in fall


