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1 Assumptions in Calculations

1. For all results, either the quoted BURLE or Photonis XP4572B quantum
efficiencies were used, though they were extracted from the curves in the

manuals.

2. The results assume a 5% per 200 nm decrease for the mirror reflectivity
for the unmeasured region above 400 nm.

3. The authors in [1] used n = 1.00041 (at sodium D line) for CO2 index of

refraction at STP.

4. The index of refraction for CO2 between 200 nm and 650 nm varies from

1.00052618 to 1.00044727. I folded these values into my convolution,
which has a fairly sizeable change on the number of photoelectrons com-

pared to n = 1.00041.

5. The CO2 transmittivity was assumed to be 100% across all wavelengths.

6. Light collection efficiencies besides the reflectivity of the mirrors are not

corrected.

2 Detector Response

The number of photoelectrons (Npe) emitted in a wavelength range from λ1

to λ2 is

Npe = 2παL

∫ λ2

λ1

QE(λ)εcoll(λ)
1

λ2
sin2 θC(λ)dλ , (1)

where L is the path length through the radiator, ε is the collection efficiency

for the Cherenkov light, QE(λ) is the photomultiplier quantum efficiency,
and
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sin2 θC(λ) = 1−
1

n2(λ)β2
, (2)

n is the index of refraction of the radiator, and β is the speed of the incident

particle, which in our case is an electron.
The collection efficiency can be written in terms of the product of the

radiator transmittivity and the mirror reflectivity:

εcoll(λ) = T (λ)R(λ) . (3)

The index of refraction of the radiator is nearly constant over the λ range
at which the photocathode is sensitive. However, I have decided to use the
actual index of refraction at each wavelength.

3 Results

The high resolution spectrometers (HRS) use two different types of photo-
multipliers: BURLE 8854 for the right HRS (RHRS) and Photonis XP4572B

for the left HRS (LHRS). In the first section, the results are presented using
the as measured reflectivity from the HRS mirrors and the BURLE PMT QE

to illustrate the differences between the two sets of HRS mirrors.

3.1 BURLE 8854 PMTs:

The results in Tables 1 and 2 cover only the measured wavelength range
between 200 nm and 400 nm for each of the mirrors with the length of the

radiator (L) = 1 meter. For this comparison, the BURLE QE was used for
both the LHRS and RHRS mirrors.

Right Mirror Serial # Npe Left Mirror Serial # Npe

116 12.3 121 12.7

139 12.0 114 12.6

146 13.0 144 12.8

000 12.8 109 12.4

118 12.9 136 12.8

Table 1: Number of photoelectrons per meter for RHRS mirrors as oriented facing the front of the detector.

QE of the BURLE 8854 PMT is assumed.

The average of the number of photoelectrons per meter is 12.6 and 12.2 for
the RHRS and LHRS, respectively, which represents the average of the ten
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Right Mirror Serial # Npe Left Mirror Serial # Npe

119 12.2 145 11.7

122 12.2 111 12.6

6 12.2 142 12.2

117 12.3 125 12.2

137 12.2 134 12.2

Table 2: Number of photoelectrons per meter for LHRS mirrors as oriented facing the front of the detector.

QE of the BURLE 8854 PMT is assumed.

mirrors in each detector. These values should be compared to the value

obtained from Ref. [1] for wavelengths between 200 nm and 400 nm of 13.3
photoelectrons per meter. Hence, the average degradation of the mirrors is

less than 10% (relative).

3.2 Photonis XP4572B:

Compared to the BURLE PMT, the Photonis PMT used in the LHRS detec-
tor has no UV light transmission through its glass window below 275 nm [2].

Hence, this part of the spectrum was assumed not to contribute in the cal-
culation of Npe. Also for this calculation, the mirror reflectivity results were

extended up to 620 nm by using assumption 2 in Section 1. The results are
summarized in Table 3 for the LHRS detector.

Right Mirror Serial # Npe Left Mirror Serial # Npe

119 12.4 145 11.2

122 12.1 111 12.7

6 12.1 142 12.4

117 12.4 125 12.0

137 12.4 134 12.6

Table 3: Number of photoelectrons per meter for LHRS mirrors as oriented facing the front of the detector

including wavelengths from 275 nm to 620 nm. QE of the Photonis XP4572B PMT is assumed.

The extension to higher wavelengths was also performed for the RHRS

mirrors to provide a comparison to the LHRS as provided in Table 4.
The average of the number of photoelectrons per meter is 16.3 and 12.2 for

the RHRS (BURLE) and LHRS (Photonis), respectively, which represents
the average of the ten mirrors in each detector. Hence, the difference in
PMTs between the two spectrometers indicates an expected difference in Npe

of about 35%. When the left HRS does not have the extension box installed,
we expect a drop in Npe to a theoretical limit less than 10 photoelectrons

when L = 0.8 meters.
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Right Mirror Serial # Npe Left Mirror Serial # Npe

116 16.1 121 16.4

139 15.4 114 16.4

146 16.8 144 16.4

000 16.4 109 16.1

118 16.7 136 16.4

Table 4: Number of photoelectrons per meter for RHRS mirrors as oriented facing the front of the detector

including wavelengths from 200 nm to 620 nm. QE of the BURLE 8854 PMT is assumed.

4 Summary

The reflectivity of the Hall A gas Cherenkov mirrors was measured between

190 nm and 400 nm. The results of those measurements were convoluted
with the quantum efficiency of the BURLE 8854 and the Photonis XP4572B

photomultiplier tubes and the index of refraction of CO2. The transmittivity
through the gas radiator was assumed to be 100% as was the light collection

efficiency to the PMT.

1. When the BURLE QE is used in the convolution, the Npe was found

to be similar for the two gas Cherenkov detectors between 200 nm and
400 nm:

• RHRS: 12.6 photoelectrons per meter

• LHRS: 12.2 photoelectrons per meter

• Reference [1]: 13.3 photoelectrons per meter

• The average difference in Npe between the mirrors in the two HRS

detectors is ∼ 3%

• The variation in Npe across all mirrors is ≤ 8%.

2. The average Npe in the RHRS and LHRS in the wavelength range of
200 nm to 620 nm is

• RHRS: 16.3 photoelectrons per meter (BURLE PMT QE)

• LHRS: 12.2 photoelectrons per meter (Photonis PMT QE)

• The theoretical upper limits for the Npe using the BURLE PMT QE
is 17.2 photoelectrons per meter.

3. Reference [1] indicates a theoretical limit of 13.8 photoelectrons per me-
ter. The apparent discrepancy is caused by an inaccurate value for the

CO2 index of refraction of 1.00041 (sodium D line at STP) [3].
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