AMS-02 Science Data Format
Nov.06, 2007 (Preliminary)

1. Introduction

This document describes the science data format from AMS-02 readout system.  The AMS-02 hardware architecture is shown as Fig.1.
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Fig.1 AMS-02 Science Data Collection Chain
The signals coming from detectors are converted by the front-end electronics. They are collected and processed by data reduction modules (xDR). Two levels of CDDC (JNIF and JINJ) modules will assemble data from different sources together and send it to main DAQ computer (JMDC). The final event building is done in JMDC. The event may be processed by level-3 trigger process running on JMDC to make further data reduction. Therefore the final science data format will be several levels of assembled pieces.
The xDR and CDDC have similar hardware and software. They are using the same format. JMDC will pack the event into the standard AMS block format.

The following sections will give the details of all formats and information from different subdetectors.

2. Standard AMS Block Format
The standard AMS block is a variable length data block which is defined as Table 1 and the Table 2 gives the detail explanation of each item. 
In principle, it is not limited to even number of bytes. But the most of interfaces used in AMS-02 limit the transfer length to be even number of bytes. It is true also for science data because of AMSWire interface.
Table 1. Standard AMS Block Format
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0
	Area

	L
	SIZE
	Primary

Header

	SIZE_EXT (if L=1)
	

	RR
	RW
	NODE
	TYPE
	

	TYPE_EXT (if TYPE=0x1F)
	

	FBI/STATUS
	TAG
	Secondary Header

	TIME (MSB)
	

	TIME (LSB)
	

	DATA …
	Data


Table 2. Details of Block Fields
	Field
	Meanings

	L
	L=0 then SIZE is in 15 bits, L=1 then SIZE is using 31 bits (SIZE and SIZE_EXT)

	SIZE/SIZE_EXT
	Number of bytes in the block exclude SIZE itself.  SIZE contents most significant bits and SIZE_EXT contents least significant bits if L=1.

	RR
	Block type: RR=0 mean request and RR=1 means reply.

	RW
	Read/Write: RW=1 means write only, RW=0 means write and then read back.

	NODE
	Node address for the target of the request. The reply will not change it.

	TYPE/TYPE_EXT
	Data type is the command for the target.

	FBI
	Future Brilliant Idea (reserved for future usages) is in request (RR=0) only.

	STATUS
	Status of the request from target is in reply (RR=1) only. (See Table 3)

	TIME
	Time in second since midnight of Jan. 5-6, 1980 for reply (RR=1) only. The time difference from the Unix time_t is 315964800 (0x12D53D80).

	Data
	The contents of the block data. There may be no data. Error Detection and Correction (EDC) words can be appended at the end of data as a part of data. But it is not a part of AMS Block.


Table 3. List of Status in Reply
	Value
	Meanings

	0b0000
	Normal end: request completed without error

	0b0001
	Abort: the request can’t be executed

	0b1000
	Error: communication or format error from request


3. AMS-02 Science Data Format
The whole AMS-02 science data belong to one physical event will be packed into one standard AMS Block. The fixed block header information is shown in Table 4. The SIZE and L in the event block is depend on the total event size. The event block data is organized as shown in Table 5.
Table 4. Science Data Block Header
	Field
	Values

	RR
	1 (reply)

	RW
	0 (read)

	NODE
	0, 1, 2 or 3 (depend on the active JMDC for data taking)

	TYPE
	5 (read event), no TYPE_EXT word

	STATUS
	0 (There will be only completed event saved)

	TIME
	Time when the event is completed


Table 5. Science Data Block
	AMS Block Primary Header

	AMS Block Secondary Header

	JMDC Data Sub-Block (no secondary header)

	Detector Data Group 0 Sub-Block (no secondary header)

	…

	Detector Data Group N Sub-Block (no secondary header)

	Level-3 Trigger Sub-Block (no secondary header)


There may be several detector data groups depend on the hardware condition and running mode. The normal situation should be one group only that is from default JINJ.

4. JMDC Sub-Block
The JMDC sub-block contents the information for this event. It is created by the active JMDC for data taking. It is an AMS block without secondary header. The block data and the fixed information are described in Table 6. 

The run number is assigned by the data taking start command or internal default at the startup. The event number is always starting from 1 for each run. The sub-block size is fixed 24 or 34 depend on whether GPS data is presented. A flag for GPS data is in the status word. The number of groups is also indicated in the status word but it is not correlated with the group sub-blocks. More information may be added later in the reserved area of status word.
Table 6. JMDC Block Data
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	L=0
	SIZE=24 (without GPS data) or 34 (with GPS data)

	RR=1
	RW=0
	NODE=0, 1, 2 or 3 (depend on active JMDC)
	TYPE=5 (no TYPE_EXT)

	RUN Number (32-bits, MSB first)

(Assigned for different runs at startup)

	RUN Tag (32-bit, MSB first)

(Currently it is the time when data taking is started)

	Event Number (32-bit, MSB first)

(Starting from 1 and incremented one by one for each event)

	Event Time (32-bit, MSB first)

(Time in second since midnight Jan. 5-6, 1980)

	Event Fine Time (32-bit, MSB first)

(in micro-seconds)

	G
	Reserved
	Groups

	(if G=1), GPS Week Number

	(if G=1), GPS Time Second (32-bit, MSB first)

	(if G=1), GPS Fraction of the Second (32-bit, MSB first)


5. Detector Data Group Sub-Block

The detector data group may come from any source is the xDR and CDDC levels of the system depend on the group command. The data may be one xDR only or packed xDR data by JINF and/or JINJ. Each group of data is an AMS block without secondary header. The format is illustrated in Table 7 and the data format from DSP slave node is shown in Table 8. Please note that the node status word in Table 7 and Table 8 will be the same one if there is only one level (one xDR) in the group.
Table 7. Group Sub-Block Data Format
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	L
	SIZE

	RR=1
	RW=0
	NODE=Top node of the group
	TYPE=1

	Event Number

	Data from DSP (xDR or CDDC) node 1

	…

	Data from DSP node N

	Node Status Word (from top node of the group)

	CRC 16 (from event number up to status word)


Table 8. DSP Slave Data Format
	15
	14
	13
	12
	11
	10
	9
	8
	7
	6
	5
	4
	3
	2
	1
	0

	SIZE (number of word excluding this word)

	Data from xDR or 

Data from its slave node 1 (CDDC)

	…

	Data from its slave node N (CDDC only)

	Node Status Word (from this node)


6. JLV1 Data Format

(To be added)
7. TDR Data Format

(To be added)
8. UDR Data Format

The UDR board controls and reads out 7 UFE (TRD Front End) boards, which acquire and digitize the physics data on detector front-end. Each UFE board is connected to 4 strawtube modules with 16 tubes each, so reading out 64 TRD channels. Concluding each UDR board reads out 448 TRD channels with 12-bit range ADC.

UDR readout mode decides format of the data block inside DSP slave data shown in Table 8.  UDR can be set to RAW, COMPRESSED or MIXED mode, where compressed data is used in normal operation data acquisition.

8.1. Raw Mode Data

Set to RAW data mode channel 12-bit ADC values are transmitted in order of sequencer readout, which is channel by channel on all connected UFEs at the same time.

Table x. DSP Raw Data Block
	Word 0
	Amplitude UFE 0 Tube Channel 0

	
	…

	
	Amplitude UFE 6 Tube Channel 0

	…
	…

	
	Amplitude UFE 0 Tube Channel 63

	
	…

	Word 447
	Amplitude UFE 6 Tube Channel 63


8.2. Compressed Mode Data

In COMPRESSED data mode the DSP subtracts pedestal values from raw data and removes channels with amplitudes below threshold. For channels above threshold the channel number (9-bit) word assigned by UDR is preceding its value, according to a continuative numbering of channels from 0 for channel 0 on front panel link 0 to 447 for channel 63 on front panel link 6. To gain precision in compressed mode, amplitudes are shifted by 3-bit.

Table x. DSP Compressed Data Block
	Word 0
	1st Hit Channel No. (9-bit)
	1st Hit Amplitude (15-bit)
	Word 1

	Word 2
	2nd Hit Channel No. (9-bit)
	2nd Hit Amplitude (15-bit)
	Word 3

	Word 4
	…
	…
	Word 5

	…
	
	
	…


Table x.b. DSP Compressed Mode Channel Counting
	UDR link 0
	Ch 0 to 63 (0x0 to 0x3F)

	UDR link 1
	Ch 64 to 127 (0x40 to 0x7F)

	UDR link 2
	Ch 128 to 191 (0x80 to 0xBF)

	UDR link 3
	Ch 192 to 255 (0xC0 to 0xFF)

	UDR link 4
	Ch 256 to 319 (0x100 to 0x13F)

	UDR link 5
	Ch 320 to 383 (0x140 to 0x17F)

	UDR link 6
	Ch 384 to 447 (0x180 to 0x1BF)


8.3. Mixed Mode Data

For testing MIXED data mode may be set, where compressed is simply appended to raw data. 

8.4. TRD Channel Table 

In order to read out the 5248 strawtube channels, the TRD front end consists of 82 UFE board connected to 12 UDR2 boards. Installed to RAM and WAKE main radiator two U-Crates house 6 UDR2 boards each. Table x gives flight configuration for UDR to UFE board physical interconnection.  Labeling of UFE boards is based on Fig x, which shows position of the 82 UFE boards attached to the 82 strawtube modules. The TRD can be divided into 5 layers of 4 sub-layer strawtube modules, where modules in layer 1 and 5 are rotated by 90° with respect to layers 2,3,4. The UFE board may be installed on one side or the other depending on the module’s gas tubing.
Table x. UDR2 Link Flight Configuration
	RAM (U1-Crate)

	UDR2 Slot #
	9
	7
	6
	4
	3
	1

	Top
	5-7
	5-6
	4+2
	4+3
	3-8
	3-7

	
	5-3
	2+6
	3+2
	4-7
	2-8
	5-9

	
	5-2
	2+5
	3+1
	4-6
	2-7
	5-8

	
	4+7
	1-7
	2+2
	4-3
	1-5
	5-5

	
	4+6
	1-6
	2+1
	4-2
	1-4
	5-4

	
	3+6
	1-3
	2+4
	3-4
	1-1
	5+1

	Bottom
	3+5
	1-2
	2-3
	3-3
	NC
	5-1

	WAKE (U0-Crate)

	UDR2 Slot #
	9
	7
	6
	4
	3
	1

	Top
	3-6
	3-5
	4-4
	4-5
	2+7
	2+8

	
	5+9
	2-6
	4+1
	4+5
	1+7
	5+7

	
	5+8
	2-5
	4-1
	4+4
	1+6
	5+6

	
	5+5
	1+5
	3-2
	3+4
	1+3
	5+3

	
	5+4
	1+4
	3-1
	3+3
	1+2
	5+2

	
	4-9
	1+1
	2-2
	2+4
	3+8
	4+9

	Bottom
	4-8
	NC
	2-1
	2+3
	3+7
	4+8


[image: image2.emf]
Fig x. Front End Labeling and Position
9. SDR Data Format

(To be added)
10. EDR Data Format

(To be added)
11. ETRG Data Format

(To be added)
12. RDR Data Format

(To be added)
13. Level-3 Trigger Data Format

Node address is JMDC address 0, 1, 2 or 3. The data type is 6 without TYPE_EXT.

 (Details to be added)
References:
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