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This document provides guidelines for the format and organization of response files that will store everything one would need to perform energy and/or pitch-angle inversion to obtain unidirectional differential fluxes.

Version History:

v1.0.1 – First “official” draft [TPO]

v1.1.0 – Changed XCAL to CROSSCALIB (and _RMSE, too) [TPO, 8 June 2011]
It was decided that quasi-static information about the instrument should remain in a distinct “response” CDF, as opposed to being stored in the level 1 CDF. Such information includes the energy, angle, and energy-angle response functions, nominal geometric and energy factors, as well as dead time and saturation information, etc. All files will contain response curves for protons and electrons, even though most channels are treated as being either electron or proton channels. Response files may change as the instrument degrades or changes operations, so the Level 1 daily files will simply provide a reference to the appropriate response file for that day.
The instrument coordinate axes are a right-handed system, s0, s1, s2, with s0 parallel to particles traveling into the instrument boresight. A polar angle, THETA () measures declination from s0. An azimuth or longitude angle PHI () measures the angle in the s1-s2 plane from s1 to s2. Rotations between instrument coordinates and magnetic field coordinates (pitch angle  and gyrophase ) will be performed with attitude information provided in the Level 1 files. Polar angles ,  range from 0 to 180o, while  and  range from 0 to 360o. The instrument coordinates are given in the Level 1 file as S0_LAT, S0_LON, S1_LAT, S1_LON, S2_LAT, S2_LON.

Most data in a “response” file is data-channel specific, having the form <channel_name>.<species>.<field_name>, where <channel_name> is an arbitrary string identifying the data channel, and species is a species identifier given in the table below. Isotopes (other than the most common one) are indicated with the atomic mass in amu appended to the element abbreviation. Charge states are indicated by the element abbreviation, followed by “Plus” or “Minus”, followed, when multiply charged, by an Arabic numeral appended to the species abbreviation. Lower case letters are allowed only in element names (such as the e in He for Helium).
Table 1. Species Identifiers for use in Response Files

	Species
	Identifier

	Electron
	ELE

	Positron
	BETA

	Proton (H+)
	PROT

	Antiproton
	ANTIPROT

	Neutron
	NEUTRON

	Deuteron (2H+)
	DEUTERON

	Alpha (He++)
	ALPHA

	He+
	HePLUS

	O+
	OPLUS

	O++
	OPLUS2

	13C++
	C13PLUS2

	Charge/mass = 1 e/amu
	QM1

	C, N, O total ions
	CNO


Top-level data in a response file:

· FORMAT_VERSION – string providing the version X.Y.Z for the response file format

· CHANNEL_NAMES – an array of strings given channel names

· SPECIES – an array of strings giving species names

· L_UNIT – length unit (e.g., ‘cm’)

· E_UNIT – energy unit (e.g., ‘MeV’)

· REFERENCES – list of paper references and websites (list of strings)
Default values of the channel-specific variables can be supplied as top level variables (without the leading period) or as species-specific variables (without a channel name or leading period)
Channel-specific data in a response file:

· DEAD_TIME_PER_COUNT – dead time per count, (sec)

· DEAD_TYPE – type of dead time (string, ‘BLOCKING’, or ‘NONBLOCKING’, ‘AGGREGATE_BLOCKING’, ‘AGGREGATE_NONBLOCKING”) [At this time, description of AGGREGATE dead times is not fully defined because it involves some scheme of aggregating expected counts across multiple coupled data channels. For each coupled list of channels, there will be a variable called COUNTS_TOTAL_MAX – maximum counts across all channels (scalar)]

· COUNTS_MAX –maximum counts the data channel
· CROSSCALIB – cross calibration “fudge factor” (scalar)
· CROSSCALIB_RMSE – RMS error of the natural log of the counts for each channel, from calibration against a gold standard (scalar)
· RESP_TYPE – string, one of:

· “[E,TH,PH]” – fully codependent energy/angle response (e.g., magnetic spectrometer), requires ETP_TYPE
· “[E,TH]” – fully codependent energy/angle response, cylindrically symmetric, requires ET_TYPE

·  “[E],[TH,PH]” – energy response independent of angle (e.g., slab dosimeter or rectangular telescope), requires E_TYPE and TP_TYPE
· “[E],[TH]” – energy response independent of angle, cylindrically symmetric angular response (e.g., cylindrical telescope), requires E_TYPE and TH_TYPE
· “[E] – omni-directional response, requires E_TYPE, G, BIDIRECTIONAL (for East-West effects)
· ETP_TYPE (optional) – type of energy/angle response definition

· “TBL” – table, requires E_GRID, TH_GRID, PH_GRID and R(E,THETA,PHI)

· ET_TYPE (optional) – type of energy/angle response definition

· “TBL” – table, requires E_GRID, TH_GRID and R(E,THETA)

· E_TYPE (optional) – type of energy response definition
· “TBL” – table, requires E_GRID and EPS(E)

· “INT” – integral channel, requires E0, EPS

· “WIDE” – wide differential channel, requires E0, E1, EPS

· “DIFF” – ideal differential channel, requires E0, DE, EPS

· TP_TYPE (optional) – type of angular response definition
· “TBL” – table, requires TH_GRID, PH_GRID, A(THETA,PHI)

· “RECT_TELE” – rectangular telescope, requires W1, H1, W2, H2, D, BIDIRECTIONAL
· TH_TYPE (optional) – type of THETA (polar angle) response

· “TBL” – table, requires TH_GRID  and A(THETA)
· “PINHOLE” – delta function at THETA=0, requires G, BIDIRECTIONAL
· “CYL_TELE” – cylindrical telescope, requires R1, R2, D, BIDIRECTIONAL
· “DISK” – disk geometry, requires R1, BIDIRECTIONAL
· “SLAB” – slab geometry, requires W1, H1, BIDIRECTIONAL

· E_GRID (optional) – list of energies for TBL type energy response definitions
· TH_GRID (optional) – list of polar angles for TBL type angular response definitions (degrees)
· PH_GRID (optional) – list of azimuth angles for TBL type angular response definitions (degrees)
· EPS (optional) scalar or list of efficiency factors used in energy response functions
· R (optional) – 3-D table of response function (L_UNIT x L_UNIT) versus E, THETA, PHI
· A (optional) – 1-D or 2-D table of area versus THETA or versus THETA, PHI

· G (optional) – geometric factor, in units of L_UNIT x L_UNIT x sr, including bidirectional response if BIDIRECTIONAL is ”TRUE” (see note on BIDIRECTIONAL)
· E0, E1 (optional)  – reference energy used by analytical energy dependence functions
· DE (optional) –effective “delta-E” for differential energy channel
· R1, R2, W1, H1, W2, H2, D (optional) – length parameters for idealized geometries, L_UNIT (note, W1, W2 are along s1 axis, and H1, H2 are along s2 axis)
· BIDIRECTIONAL – “TRUE” or “FALSE” based on whether or not the sensor responds to backward-going particles. [Note G is assumed to include backward-going particles for BIDIRECTIONAL of “TRUE”]
***WARNING: for tabular (TBL) forms of the response function, the response outside the grid is assumed to be zero for angles, but for energy, the response at the nearest edge of the energy grid is used. 






