CRAYS: a photometric calibration
of TA FD camera

Sept. 14t 2011, 8" AFWS @ KIT

M.Fukushima for S.Kawana, N.Sakurai, H.Tokuno,
YTsunesada, L.Wiencke + TA collaboration



Systematic uncertainty

Determination of FD Energy __ source | AE/E__

Fluorescence

yield 11%
Detector 10%
Atmosphere 11%
Reconstruction 10%
Total 21%
2. Atmospheric \ E.
Correction | - S
1. Scintillation
Efficiency
L2 4. Loss of

3. Telescope Parameters HE (av



How to Calibrate?

Energy O RAYLEIGH  ASER
meter PV =0T
Npy = E;or / hv O

PMT

Absolutely calibrated light source

e Pulsed (~4ns)
e UV (~337nm)
e Large # of photons (~100 photons/cm?)
e Linear with pressure (~ 0 photons/cm?)



CRAYS : Calibration using
RAYleigh Scattering

e Original idea by discussion with L.Wiencke (2002)
e H.Naus & W.Ubachs: Optics Lett.25 (2000)
Rayleigh scattering’s o measured with 1% accuracy
e CRAYS-I by L.Wiecke (2002)
e CRAYS-II by N.Sakurai (2004)

e |ceCube PMT calib. in 1-ph mode by S.Yoshida (2007)
e TA PMT calib. in full intensity mode by S.Kawana (2008)
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CRAYS-II
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Check-1: polarization
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Check-2: Rayleigh ¢ dep?
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Check-3: Pressure curve & Ar/N, ratio
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Calibration Procedure for 75 PMTs with YAP
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Target (N,) Density

* n/V by state equation; PV = nRT
e van der Waals correction negligible
e Chamber P =

gauge-P + abs.-P by mercury gauge.
e Gas temp. measured.



# of expected photons by ray tracing

Rayleigh scattering cross section
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Determined Calibration Constant
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FADC with different PMT mask
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Scale Uncertainty of CRAYS

Error
Rayleigh scattering cross-section 1.0%
Molecular density (temperature and pressure) | 2.0%
Measurement of laser energy 5.0%
Polarization of the laser beam 1.0%
Geometric aperture calculation 3.0%
Signal integration 2.0%
Background and noise subtraction 2.0%
Effect of geomagnetism 1.0%
Total (quadratic sum of above) 7.0%




Stability (Kashiwa > Utah) ...

e CRAYS-calibrated PMTs transported to Utah.
* 2PMTs / camera installed with same HV.
e PMT @ center = standard PMT.

Diffuser

8

Kashiwa > Utah i T l
1. HVPS : : temp corr.
2. FADC and cable 2T 2509C > 10°C
3. Temperature E A / ; -0.73% / °C).
4. Geomagnetism etc. D
are different. 3L
+ PMT gain + YAP light 51 =1.00 = 0.04

one PMT with 0.85 ) e . e

1 1
0.8 0.85 09 0.95 1 1.05 1.1 1.15 1.2

YAP bl
(YAP problem) YAP,... / YAP

Kashiwa



Summary

e TA FD camera: CRAYS calibration with YAP gain monitoring

e Abs. Scale Uncertainty ~0.07
e Calib. transport from Kashiwa to Utah =1.00 =0.04

not discussed today:
e Extension from standard PMT to other 255 PMTs
by diffused xenon flasher
e Long term gain monitoring in situ (PMT aging?)
e Cross calibration with Electron Light Source (ELS)
good this 1.0007?
AF Yield x CRAYS x FF = ELS (40MeV electron linac).



Systematic uncertainty

Determination of FD Energy __ source | AE/E__

Fluorescence

yield 11%
Detector 10%
Atmosphere 11%
Reconstruction 10%
Total 21%
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3. Telescope Parameters HE (av
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