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Cosmic rays

1- Neutral component:
no charge, no mass

Light rays

2- Charged component: He, Be, C, F
carry nuclear charge. He

Looking for
Antimatter, Dark Matter and ???
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The international AMS Collaboration
NASA provndes three shuttle fllghts and prOject management (JSC/EA - S. Porter)
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B Tel

Alpha Magnetic Spectrometer

Matter Antimatter

300,000 channels of electronics At =100 ps, Ax =10u
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AMS Electrical Interfaces on ISS

*® ' AMS
Power:
109-124VDC COEEU TDRS
~2KW — OSQ
“{q M
e | RDL OMA 'F'
15538 BUS - International Space Station
1 Kbit/s in ok = lé
10 Kbit/s out zit g
%]
10 B/sec CHD - ==\
g
 HRDL & =

L .
lllllllllllllllllllll

Taxi F/0O
<2MDbIit/s> .

ACOP: Archive Science Data
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Power Distribution within AMS
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.. AMS-02 Cryogenics System
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AMS-02 CRYOMAGNET AVIONICS

Power Distribution System
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Subdetector Requirements: Tracker

Q
) I —sum(Q *vy)
rﬁ/ <y= sum(Q)
_EJ‘_“ ‘( ‘;ﬁ— Yy
¢ s/ S

Z = f(sum Q)

e 8 planes, 6.3m?, 200K readout strips measure:
Track bending in B field to 10um: Momentum
Energy deposit: particle charge Z

e Signal (few fC) to noise required: 10,000::1

e Needs EMI shielding, power supply filtering and
careful signal processing.
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Subdetector Requirements: ToF and ACC

2 —£4 _
/
i N ()
/ l ! t;[rrnaeczilfefggetﬂce = velocity, direction
JU\
Evds=| !

A}

e 4 planes ToF, 1 layer ACC
e 42 plastic scintillator paddles, 2 PMT/end
Transit time (100 psec): Velocity
Energy deposit: Z
History (1nsec/16usec): out of time junk particles.
e Fast (—30nsec) coincidence between upper & lower
ToF planes provides “fast” trigger (<5 KHz)
e ToF+ACC reject out of acceptance tracks
& other uninteresting events
e Starts digitization and data flow for all detectors (<2KHz)

Mike Capell / Mar ‘05 ACOP PDR: AMS-02 Avionics 11



Subdetector Requirements: TRD

e 20 layers of “radiator” & 5248
“straw tube” PWCs filled with -
Xenon detect transition radiation m
X-rays produced as function of
velocity (v—c) by light= fast
particles (e, not p, He,...).

e Gas amplification::HV.

e Signal size: 100 fC.

e Particle also leaves: 30 fC.

e e::p rejection requires careful
control of gas gain: density,
temperature, HV, mixture,
Impurities.
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Subdetector Requirements: RICH

e Radiator, mirrored
expansion volume,
Image plane:

680 16-pixel PMTs,

e Cone of Cerenkov photons
Radius: velocity,
Number: charge Z2.

e Careful signal processing
to detect single photons. \

e Large dynamic range
to detect high Z.
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Subdetector Requirements: ECal

e 600 Kg of Pb:Scint. Fiber
viewed by 324 4-pixel PMTs

e Sum of dE/dx:
Total Energy

e Shower shape:
particle type
(e, gamma vs pi, p, He,...)

e Very large dynamic range: L\ A

60,000 E

e Fast signal to trigger
for high energy gammas
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Subdetector Requirements: Summary
| Subdetector | Req’'ments Channels Raw Kbits

U: TRD Gas gain 5,248 84

""" S: ToF+ACC 100 ps 48%4*8 49
T: Tracker few fC 196,608 3,146
R: RICH Single g 680*%16*2 348
E: ECAL 1:60,000 324*%(4*2+1) 47
¥ Raw Kbits/event 3,674
* Event Rate < 2 Khz
= Total Raw Data Rate ~7 Gbit/sec

7 Gbit/sec ™ 2 Mbit/sec
= Restrict Rate & Size

Specify, design, develop, produce:
High Speed, High Capacity,
Low Power, Low Weight, Reliable
Signal & Data Processing

o i ON ORBIT !
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AMS Custom/Common Readout Unit

Subdetector DAQ Global DAQ
r CDP: Common ) Data rED_DC Command Distrib, Data Collect.
Digital DSP . | | | — -
Custom [ Sample Part Reduction DSP | | = CDDa r-
ASIC | & Hold__|Digitization 1__1 oA I_ =z 2 |I:\)/IAA\'|I'§ i
S = AMSWire = < <| I
Detector D——' U4 ADC HH Gate =| || =3 — Comp
V L= FATY (| Gae Busy Miri I‘L——-J —
Sequence : J
Trigger Input I . I T”gger
Memories
- | LRS
\ (H)VDetect. , Vdd (Analog) g \ Vdd(Digital)
e ;'_I |)~—~ Slave M&C | — I 2x CAN
| [ 1
DC-DC Converters 28 V g Global e 120V
(28 > 5,3.3,+-2) Sg\tl)vcé.r Power M.C

(High Efficiency)

28V Filter (I/0O)

e Cust/Comm power supplies w/high efficiency.
e Cust/Comm monitor & control interfaces.
e Cust/Comm processing unit, software, links.

DSP (ADSP-2187L), Gate Array (Actel A54SX-2A), SRAM (Samsung K6R-016V1C), Flash (AMD Am29LV004),
LVDS Tx/Rx (Tl SN65LVD-39-), etc.
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Fast Electronics for use in Space

AMS-02 Electronics mostly done at P 1l # 2 %%
working closely with NASA

Components Models Testing
Performance, T T . Q
Beam Test EM  le—i_ _fgrj(_:t_lquall_ _
— \ . pevisidiam
' + Vibration
Prototype ;
—— Qv __Thermal__ |
Prototype \’ ___________
+ Thermal-

|

|
Prototype QM2 = Vacuum,
X ~ EMC, Prod.

-
FM, FS ﬂ——': All tests at |

| acceptance !
: levels |
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GSI Heavy lon Beam Test Setup:
Main Computer components

PPC 750 ;
/| cpu |

"

UNILAC 5 wevi

CW-Linac

220 MV

CPC 700
Bridge

GSI Heavy Ion Accelerator
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Main Computer System Boards Designed and
Implemented by CSIST and NCU, Taiwan

JII\/I HRDL

—bidea Conall LMae O
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D

Front Panel Connectors
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x1

JPD §§

CAN AMSW RS422
X2 x4 X2
C:ZN CDDC ROEU Panel
x4
N

HRDL 1553
X2 X2
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1st cycle 2nd 3rd cycl

Temperature

Qualification

) - Operating: -15, +60C
- . JJ Non-Oper: -40, +90

Power &
Function Test

. This Test is Performed After Vibration Test
. Temperature Change Rate = 15 °C/min.




J-Crate inside EMI Chamber
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""_,]Thte mal Vacuurm_;l;ésts

Pump
Down Thermal Cycling Phase ;f;]zrsrgal Eals _'?gt“m
- Ambient
Chamber Environments: Pressure=1.0x10-° mbar
Hot - _.Q‘_—_“ ——
non-operation 1hr ! r_\
0 - .
(+85°C) I | 2nrs ihr 1hr | \H 2hrs,
Hot , Hot soak |_|‘_ |_|<_ N
e [ [ " i
o ransien
_' \- Cool-Downj
| Hot Balance\.(
Ambient wm— . ! ~_ . —
Cold
OE;;‘E‘;“ - _j L — Operation (on)
* 2 hrs d R ;
Cold - i1 cold soak ]IEF_ ]IEP— 1 — ccﬁdhsrosak *Tuml\:r)]n-operatlon (off
R it Tt
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- —- ___..—-'—"‘-'---'.__“-

PIT: Preliminary Interface Test - JSC - Jun 2003
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AMS Electrical Interfaces on ISS w/o ACOP

e Power: s
109-124\VDC COEEU TDRS
~2KW — A7

A ‘Q M
e LRDL ovnd L

vy
15538 BUS International Space Station
1 Kbit/s In 5@%

-
EventData

10 Kbit/s out
10 B/sec CHD

Monitoring
& Command

S-Band
CHD

>0 T
/ =80
[ >|-oO
O

—

Q

- HRDL a7 S_=
Taxi F/O Rate of useful science data unknown.
<2MDbit/s>_ <2Mb/s> a minimum.
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High Rate I(Da:ta Link Data Flow w/o ACOP
CMDSNASAW

UMA HRFM
AMS APS HCOR /HRM | ~70%b.c.
o VA
& S - LT “
BUFFER Q 09 999 9 46 Mbit/s

CMDS(AMS)
STATUS

To POCC

&

== High Rate Fiber Optic Line
(0, 0.5 to 100 Mbit/sec on Cmd)

AMS Alpha Magnetic Spectrometer Payload
ACOP AMS Crew Operations Post (in Express Rack Drawer)
POCC Payload Operations Control Center

NASA APS Automated Payload Switch (1 of 2, each 20 programable interconnects,

HCOR Highrate Com. Outage Recorder but only 4 outputs to HCOR)
HRFM High Rate Frame Multiplexer

HRM High Rate Modem

ISPR International Standard Payload Rack (Containing Express Rack)
Mike Capell / Mar ‘05
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AMS-02 HRDL Interface
e Zero Fault Tolerant for Payloads

AMS Data Acquisition
I I I I

Prim. 4x1 MUX Aux. 4x1 MUX 4x1 MUX

Tx F/O Rx TX F/O Rx Tx RS422
A
EVA _ L
B/H \ Cu
RS422
F/O
TAXI o \
\ )
UMA- £
Y STS/KUSP, TO
to ISS/APS
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H
 NASA ISS

RDL Data Flow — not
HRDL boxes

(APS, F

COR, HRFM, HRM) — “flakey”

e Total capacity oversubscribed -

46 Mbit/sec net * “70%” Duty Cycle.

» ISS HRDL may not meet design -
INSufficient bandwidth for everyone

e On AMS-01, the equivalent system
failed completely (“first time ever”).

AMS needs on board recorder; ACOP

Mike Capell / Mar ‘05
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High I(Qa!:e Data Link Data Flow
CMDSNASAW

UMA HRFM
AMS | 1, APS _| [HCOR /HRM
PAQ] —H—8 "4 ng
BUFFER < --g ~
o) | gereeee
CMDS(AMS) é N C'\g:i%'\gs)__ To POC
STATUS ’
ACOP _4__\—->ﬁ &
To POCC | Express Rack | @\&e S
&QJ
\ ISPR | ¢ "DISKS"
"DISKS"
['Disks | pisks®

== High Rate Fiber Optic Line
(0, 0.5 to 100 Mbit/sec on Cmd)

AMS Alpha Magnetic Spectrometer Payload
ACOP AMS Crew Operations Post (in Express Rack Drawer)
POCC Payload Operations Control Center

~70% D.C.

Ku

46 Mbit/s

&y
&

NASA APS Automated Payload Switch (1 of 2, each 20 programable interconnects,
HCOR Highrate Com. Outage Recorder
HRFM High Rate Frame Multiplexer

HRM High Rate
ISPR

Mike Capell / Mar ‘05
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but only 4 outputs to HCOR)
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AMS Crew Operations Post (ACOP)

e Computer based with data recording on
hard drives located “inside” ISS.
Capacity: 21+ days “hands free”,

~ 4+ months with disk swaps.

e Recorded data forms an ARCHIVE.
Can be downlinked when HRDL/Ku available
or downshipped if not.
Anyway, it is safely written down.

e ACOP can also provide:
Dedicated, flexible Crew monitoring post
Crew command post

Alternate command path to AMS
(only way to load large files on orbit)

Mike Capell / Mar ‘05 ACOP PDR: AMS-02 Avionics
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ACOP Avionics

- N
p
PEHG ~
. A
j
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P —p—
AC.OP [ ~ el = T——/8
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W i  APS
L
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EXPRESS
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US Lab

r— PL/MDM ——

s

LRDL
(1553)

HRDL
(Fiber)

802.3
(Network)

System

>{HRFM [SBAND

J

¥ &

KU Band S Band
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ACOP In US-Lab

Re] s geda
@ @
U & ch
TESS
LAB S1
STARBOARD
J7 (UIP)
Connector

V]ew Lpbokjng AFT (Nodd41)

ER LCP Low Control Panel

Nl

/ ER Laptop Computer

/

LAB S3 (free)

/

ACOP accommodation
in US-LAB ISS Locker
(+soft stow, not shown)

N EXxpress Rack #4

\
N k
1-'_r H ISS Locker

ACOP

DECK

UTILITY INTERFACE PANEL (UIP)

Fiber Optic cable (HRDL)

\ -
7

vl PORT

\
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