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Design criteria for tuning a high energy TRD:
• X-rays are emitted at energies below gw1.
• Highest frequency maximum in interference pattern occurs 

near

wmax = l1w1
2/2pc

• 3)  Total TR yield ~ g up to saturation energy

gs = 0.6 w1(l1l2)1/2/c

• 4)  Total number of photons
Ng ~ 2Z2 a w1 g Neff / 3 wmax below saturation

~ 2Z2 a w1 gs Neff / 3 wmax at saturation
(where Neff is effective number of foils)

~ p/2  Z2a L w1/gs where L = N(l1+l2) 

For a fixed length detector, as gs goes up, # of photons 
decreases unless w1 increases.
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2 TeV protons:  g = 2130

8 TeV pions:  g = 57300



Separating electrons and pions
SLAC, 1973





Example radiator/detector configuration:

20 modules 
N = 50 mylar foils, w1 = 24.4 eV

foil thickness l1 = 50 m, spacing l2 = 4 mm
wmax =  24.4 keV gs = 3.3 x 104

Total length 4 m Thickness 7 g

Modules 1-10: 1 cm Xe Modules 11-20: 2 cm Xe

Include Compton + photoelectric cross sections

Account for feedthrough from one module to next

Assume TR and dE/dx detected together, do not (yet) account for dependence     

on position along the beam
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52% pion efficiency
3% of K’s incorrectly identified as p’s
0.2% of p’s incorrectly identified as p’s

74% proton efficiency
2% of K’s incorrectly identified as p’s
0.3% of p’s incorrectly identified as p’s



Example radiator/detector configuration #2:

20 modules 

N = 75 teflon foils, w1 = 28.5 eV

foil thickness l1 = 50 m, spacing l2 = 4 mm

wmax =  32.7 keV gs = 3.9 x 104

Total length 6.3 m Thickness 20 g

Modules 1-10: 1 cm Xe Modules 11-20: 2 cm Xe

Include Compton + photoelectric cross sections

Account for feedthrough from one module to next
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35% pion efficiency
0.9% of K’s incorrectly identified as p’s
0.6% of p’s incorrectly identified as p’s

58% proton efficiency
0.6% of K’s incorrectly identified as p’s
0.7% of p’s incorrectly identified as p’s



Example radiator/detector configuration #3:

20 modules 

N = 50 teflon foils, w1 = 28.5 eV

foil thickness l1 = 50 m, spacing l2 = 6 mm

wmax =  32.7 keV gs = 4.8 x 104

Total length 6.3 m Thickness 11 g

Modules 1-10: 1 cm Xe Modules 11-20: 2 cm Xe

Include Compton + photoelectric cross sections

Account for feedthrough from one module to next



78% pion efficiency
2.2% of K’s incorrectly identified as p’s
0.02% of p’s incorrectly identified as p’s

55% proton efficiency
4.2% of K’s incorrectly identified as p’s
0.8% of p’s incorrectly identified as p’s
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Plasma frequency depends on density.

As plasma frequency goes up, so does X-ray absorption, 
particle interaction probability, delta ray background

… and Compton scattering
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As plasma frequency goes up, so does X-ray absorption, 
particle interaction probability, delta ray background

… and Compton scattering.

In a standard configuration, X-rays are emitted forward 
and detected together with dE/dx.

Compton scattering allows the X-rays to separate from 
the dE/dx. 



“Standard” configuration – SLAC test w/plastic foils/foam, Xe

Compton scatter configuration – CERN test w/Al honeycomb, NaI
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Measured spectrum, 150 GeV/c electrons with 
Al honeycomb radiator (upper curve) and 
solid background plates (lower curve)



Measured 35-500 keV Compton scattered intensity

Mylar, 50 foils, l1 = 125 and 250 mm, l2 = 3.3 mm
Teflon, 50 foils, l1 = 125 and 250 mm, l2 = 3.3 mm
Al, 37 foils, l1 = 150 mm, l2 = 5.1 mm



What is beam configuration?

Will beam configuration allow NaI/CsI scintillators along side of beam 
pipe to detect Compton scattered photons?

Next steps:

Include Compton scattered photons off to the side

Since much of signal is at > 30 keV, expect large Compton signal.

Analyze signal as function of location along beam

Frequency dependent – gamma dependent


