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12 3 WA

A track in a magnetic field is characterized by 5 parameters at a given plane:

X, y, dx/dz, dy/dz, and 1/R

where 1/R is inverse rigidity. The task of the track fitting is to find the optimal estimate of track
parameters for each set of measurements. The Least Squares (X2) Method best meets the

requirements of track fitting.

In the simplest track model, the track parameters (g,) are determined by minimization of the

track residual X2:
Nmeas 2 Nmeas a
= — ] — 0=—-—=2 —
X kz::l (Gk) 3% BCIl 0;%
Rewrite the X2 using the matrix algebra:
1 0'% . 0
2 Ty,—1
= o |v=]|: . i | X =TV

Tmeas 0 ... o2

Nmeas

Apply X2 minimization with respect to the track parameters (q):

A

Ox? 0 n Y 9

X r : r_

0= 2> = V= 1. where ¢= : = | dz/dz =

0q (Bq) / 0q
e, dy/dz

\ /R )

Residual definition

extrapolated track

| - |

| o9 |

3 residuals

| 0 |

or1/0q . or1/0gn,,.

arnmeas /aq]- e 8rnmeas /8qnpar
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Multiple Scattering

In reality, the track fitting procedure is more complicate. When the incoming particle intersect
with detector materials, the track trajectory or its parameters will continuously change.
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Charge particles traversing materials experience multiple scattering (MS), mainly due to
Coulomb interaction with the electrons in the atoms. The multiple scattering successive
deflects the particle trajectory, which must be included in the track fitting algorithm.

In the track fitting, the assumption is that the MS angle B follows a Gaussian distribution. It is
known that the tails are larger than just Gaussian tails.

13.6 MeV\? =z T 2
o= (S ) % oo ()

where the mean value of scattering angle in material B is zero; and the variance V[]=0(B)?
depends on the amount of traversed material (x/Xy) and the particle rigidity (R=p/z).




=

Track Fitting with Multiple Scattering

Including the MS terms in track fitting model will require ; )

precise description of the detector materials: [ ] £2
. . . i -
a) AMS materials between neighboring measurements 56—
AMIS L7-L8
) 11-12 | L1213 | L3-14 | L4-15 | L5-16 | L6-L7 | L7-L8 | L8-19
Materials [
x/Xocos(6) | 0.28 | 0.01 | 0.01 | 0.005 | 0.01 | 0.005 | 0.01 | 0.21 -

b) the details of the material location

In the track fitting, the scattering angles are treated as the
measurement quantity and extra track fitting parameters will be
introduced. The track parameters (g,) are determined by

’ T N I N ‘

minimization of the X2:
Nmeas nscat—l
xX° = Z e; Vi lej + Z BIW: ﬁj rmé\éﬂ:ﬁ:ﬁ:ﬁ:ﬂ
j:l— j=2 MS
2 MNmeas MNscat— 1
— ozai — 22(853)TV— £j+2 Z 8BJ)TW 53 ;Dmm\mﬂ:ﬂ
j=2

Oy — Oq
where € and V is the coordinate residual and its variance on the [ -m
coordinate measurement, respectively; and B and W=V[[]=0(B)? ftted
is the scattering angle and its variance, respectively. track real path

26



Rewrite in matrix form:
X2 — €TV_1€ + /BTW_lﬂ

Ox* [ Oe. 1 0B\ T 1
= — = 2
0= "% (g4 G
[ O Oc 0B \7..,—108;
= 2 V- —A W12 Aq
() TV + 5 a) + (5 )W
15t Taylor’s expansion 15t Taylor’s expansion
The track parameters (Ag) are solved from:
Og . ,_10€ OB \1r,—1 085 Og 1,1 <0
— )V i —4+ (=) W — | Aq = %4
(5)7V 5T GG A = —(5)
Or simplified as:
I'Ag = b
where I' is ny, X np, matrix and b is the vector. Their elements are given by:
Nmeas 86 B 86 Nscat— 1 8/3 B 8/8 NMmeas 8€j T 1 O
Ty = J TV 1 J e} TW- 1 J — V-
! ; (3(11 7 Oqv Z (9(11 7 Oqu Z 3% ’

Solving above matrix equation requires to invert a np, X np,, matrix.

The advanced track fitting model should be easy to compute the derivatives of the
coordinate residual and scattering angle with respect to the track parameters; and the

matrix ' should be invertible. .



General Broken Lines (GBL) Track Fitting

In the GBL model, the materials between two adjacent measured planes is represented by 1
or 2 thin scatterers with zero geometric thickness. Each thin scatterer produces a scattering
angle B. For each scatterer, the track position offset u; is defined as a track parameter. The
track parameters q(Ak=A(1/R), Uy, ..., Uneat) are determined by:

8X2 Mmeas o ~ Nscat—1 08 B
0=5a = 2 §:j (G Vi e +2 223 (3g) Wi B b
In this algorithm, the derivatives of the scattering _ﬁ% +detectormateml ......
angle with respect to the track parameters can be ég |u b 4+——> s
easily obtained as follows: =3 e —
a+ — W+ (ll+ —J_|_U() _ d+ AIC), W+ — S-T-] + measurement mj mp ms3 Mumeas
o =W_ (J—UO —u_ + d_ AK), W_ = _5:1 ® prediction  ug Uint,2 Uint,3 Un

scatterer determined by nearby 3 position offsets
(u_,up,u.) and Ak. Hence, the direction change B =
oL, — OL_iS:

where a, and a. are the angle after and before ug ‘ iL | | * J/ ______

e fit parameter wyuz U3 U4 Us  Ug Unsea- 1 Unseat

B=Wiu, — (W ] +W_]J )up+W_u_ N=W,J; +W_]J)!
When the measurement plane is the location of the scatterer, the derivatives of the
coordinate residual with respect to the track parameter is d¢;/dq;=1.

The GBL is an advanced global track fitting approach. The matrix inversion is using root free
Cholesky decomposition. The algorithm for AMS was developed in 2020.



Kalman Track Fitting

The Kalman filter was developed by R.E. Kalman during the 1950’s

* To solve differential matrix equations without matrix inversions.

* Itis a method of estimating the states of dynamic systems
Applied by the NASA in the rocket trajectory control for the Apollo program
Military applications: compute plane trajectory by radar tracking.

The Kalman filter is a recursive filter, which evaluates the state of a linear dynamic system
using a set of inaccurate measurements with the errors distributed according to the Gauss
distribution. Supposing we have k-1 layers of tracker coordinate measurements, the track
parameters in (k-1)t layer were denoted as a state g, ;. Next, when the new layer of kth
measurement was added, the track parameters will update to be the new state g;:

{{m17 "7mk—l}7Qk—l} + mr — gk

- Qxik-1 (prediction)
Qx  (filtering)
my

A I
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Prediction: The trajectory of a particle between two adjacent surfaces can be described by
a deterministic function plus random disturbances (material effects, etc). The prediction of
the state from (k-1)? to the next k layer is:

Qk—1 = Frqr—1 + 0k—1
where the mean of the stochastic noise is <6,.;>=0 and its covariance matrix (error?) is Q.;.
The total state prediction covariance matrix (error?) is given by :

Cijk—1 = FrCrip—1F) + Qr—1

Filtering: We assume the coordinate measurement can be described by a linear function of

the state: my = Hiqr + €5,

where the mean of the measurement is expected to have no bias <g,>=0 and its covariance
matrix (measurement error?) is V,.

Based on the prediction gy «; and k' measurement, the new track state g, can be derived

from: _ _
x> = (qrje—1 — qx)* k|;1c_1(Qk|k—1 — qx) + (Mg — Heqr)'V,  (my — Higr)
Minimization X2 will get the new state:

= _ _1 _
G = Quip—1 + [Crpn_y + (HEV, T Hy) ™ [(HEV ) (my — Hyqrk—1)]

= grjp—1 + Ki(mi — Hiqrr—1) = qrp—1 + Cr[(HE Vi, ) (my — HiGrjp—1)]
where
— — —1 _ —1
Ky = [Cypp_q + (Hp Vy "Hi)] (Hp V') = Cjp—1Hy, [Vie + HyCrie—1Hy | Filter gain

- ~ -
Cr = [Cppp_y + (Hi Vi ' Hi)] " = (I — KxHy)Chje—1 New g covariance matrix (error?)




The coordinate residual is thus:
re = M — Hiqx

Which allows to compute a X2 in order to test the goodness of the fit:
2 Tyr—1 2 2
Xk =Tk Vi Tk XX => xi
k

truth

Filtering: from k-1 to k:

Outer points estimates have more
information than inner points.

L, ® Prediction ® Measurement e Filtered

Smoothing: from k to k-1(backward
filter):

All points estimates have the best
information.

L, ® Prediction ® Measurement ® Smoothing
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Kalman Track Fitting for AMS

The Kalman filter track fitting for AMS was developed in 2018 based on GeFit-package. The
precise description of the AMS geometry (materials) and physics processes (multiple
scattering, energy loss, and bremsstrahlung for e+/e- only) allows accurate determination of
the track parameters for all charge particles.

Proton Rigidity Resolution

m 0-25 T —rrrrj
E i i
i —+— Old algorithm in AMS i
0.2 Kalman —
i —— General Broken Lines l i
0.15}; -
0.1 -
0.05- . e . . ""'-2
1 10 10
AMS geometry description used in Kalman Rigidity [GV]

Note that the Kalman track fitting (recursive filter) mathematically is equivalent to the

General Broken Lines track fitting (global fitting approach).
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Tracker Alignment

Each detector module have its own initial mechanical mounting precision varying from
tens of micron to thousands of micron, which is far away from the detector requirement

of a few micron.

{ Reconstructed 1::]'15&?\'{‘:'9

Trajectory

P
N

O~ misalignment

Fommm e
| ‘oY \ !
.. /< i
/ - : True Particl
x rue Particle
.\< Position

v’ Reconstructed

>< .\, Position

In order to have high resolution and unbiased tracking, the detector elements must be
correctly aligned. The track-based alignment was an approach to align the detector
modules to ultimate precision. The alignment is the most sophisticated procedure in the
detector calibration. For the AMS silicon tracker, there are 2,284 silicon sensors, 192
ladders, and 9 layers of detector modules to be aligned. The total number of the
alignment parameters reach up to 15,000.
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The Global and Local Coordinate System

Each detector module is positioned with 6 degrees of freedom: 3
translations (xg, Yo, o) and 3 rotations (o, Bo, Vo)-

The transformation of the position and track state between global
and local coordinate system is heavily used in the alignment:

» The track parameters are necessary to delivered in the
experimental global reference frame

» The measurements are usually given in the detector module
(sensor, ladder, or layer) so called local reference frame

S E— L a) The covariance matrix usually has a diagonal form
/ b) The residual can be easily linearized with respect to the
T_GE""‘”"*“ alignment parameters

Without displacement, the transformation from a local position gq;=(u,v,w)" to the global
coordinate position ry=(x,y,z)" is given by:

rg = RTQZ + 70
where the geometric center of the detector module is defined as its original point, which is
positioned at ro=(xo, Yo, Zo)" in the global reference frame; R™(a, By, Vo) is the detector module
rotation matrix.



With displacement, the transformation from a local position g;=(u,v,w)" to the global
coordinate postion r,=(x,y,z)" becomes:

rg = RUAR(q + Ag) + 7o

where the correction to the transformation by an offset Ag=(Au,Av,Aw)"and a rotation AR=
AR,-ARg AR, has to be determined by the alignment procedure. The rotation matrices are
given by:

1 0 0 cosB 0 —sing cosy siny 0
=10 cosaa sina| ARg=1]| 0 1 0 AR, = | —siny cosy 0
0 —sina cosa sin8 0 cosf 0 0 1

For AMS, sensors are assembled in the ladders; ladders are mounted in the layers; and layers
are built into the tracker. The hit coordinate measured in sensor local reference frame can be
transformed recursively to the next reference frame :

Se:I\(SOI’ qs Hit coordinate in the sensor
Ladder rL = RZARS(QS + Ags) +70s  —> Hit coordinate in the ladder
Laf/er rp = RIARL(rL+Aqr)+Tor —> Hit coordinate In the layer
Tratker Ty = RgARp(rp + Agqp) + rop —> Hit coordinate in global reference
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Finally, the hit position measured in the sensor local coordinate system (q.) can be
transformed into the global coordinate system (r):

rg = RY'¢C+ro=R"(gs+Aqg)+ro
where
R" = RLRIR]
Agq = [(RsRLARpRYRT)(R,AR.RT)AR, — Elq, + Aqs + [(RsRLARpRLRT)R,ARL, — R,]ros

+ RSAQL + RSRL(ARP — E)'f’oL + RSRLAqP
ro = RERIrTos+ Rbror +Top

The partial derivatives of the measured residual (e=track projection-hit position) with respect
to the alignment parameters are shown (as input for the alignment):

0

85 = Pe; ———> sensor offset

Oe — PR,e;, —> ladder offset o

Bur -1 0 2
) ot

876 — PR.Rpe; — layer offset where P=|o0 -1 %%
P W
Oe O0AR,

g, P Ber. 4s ——> sensor rotation 00 0

O _ pRSaARL (RYq, +r9s) — ladder rotation

ooy, ooy,

Oe OARp

= PR;R;p,—F——

San Pour [RY(RTq, + ros) + 701] —— layer rotation
P



The Global Tracker Alignment

In the global alighment, the global detector alignment parameters Ap(Ap;, Ap,,...) and local
track fitting parameters Aq(Aqq, Ags,,...) for every track are determined simultaneously though

vast y? minimization, taking account of both residual measurements and multiple-scattering

effects. residual measurements (¢) ~ Multiple-scattering (B)
Mey nmeas ' nsgat—l '
xX*(¢,p) = Z Z €ij (i, P Ez'j(Qi,P)+ Z Bij(Qi)TW»i;l,Bij(q'i)

=1 j=1 j=2

Minimization of the y? leads that the partial derivative with respect to each global parameter
Apg is zero (the multiple scattering is uncorrelated with the global parameter):

Mev Mmeas 882‘7 T B Mev Mmeas 881‘7 0 0 887,j 8813
0=-2& = 2 Z Z Vij =2 Z Z [5ij (qz- , P ) + Z Bau Agqir + Z 3pg/ Apg/]
=1 j=1 i=1 j=1 U g’

Above equation can be simplified as: 15t Taylor’s expansion

Merv Mev Mev

Z d; - Z(Z C;g')Apg’ + Z ZGQVAQW
=1 roi=l i=1 U
where C!, = niefs(a% ik 108 i, = nf:“(asm):r _1 O&ij
99 o 8pg (%] apg/ 9 = 8pg % aqu’
i =7 ey — lobal derivative local derivative (from track fittin
& = =Y GOVt O ‘ I
Op J
= ’ Mew Mev Mey

All global derivatives make the matrix equation: Z dt = (Z C)Ap + Z GiAg;

=1 =1 =1
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residual measurements (g)  multiple-scattering (B)

Mey nmeas nscat—l
xX*(¢,p) = Z Z €ij(¢,0) " Vi; ‘eij (i, ) + Z Bij (@) Wi Bij(a:)
1=1 71=1 7j=2

Minimization of the y? leads that the partial derivative with respect to each local track
parameter in each track fitting Aq;, is also zero:

8X2 MNmeas 86 Nscat—1 ,8
0= = 92 7’-7 6, +2 vy TW 1/87,
91 o (3(] 1 ’ JZ; a%l ’
n n -1
meas 86" B 86" 88" scat 8,8 8,8
— 9 N\Ty 1. (g9 p0 A gy Y Ap ]+ 9 Iy YA ga
e (anl ) 1] [E J(qz ' D ) + ; aQil/ qil + Zgl: 3pgf Pg ] + pas aq l Z 3%’1/ qil
. . oo st ’ i t ’ .
Above equation can be simplified as: 15t Taylor’s expansion 1st Taylor’s expansion
Z G,lig/ Apg’ + Z F%l/ AQil/
g’ I
n Nmeas Nscat—1
: " 0c;; 0¢; - O€ij 7+ ,—1 O%ij 0Bij \yrr—1 0B
where Gi, = Uyl o= Vi + — L)W
o ; (3%1) Y Opy ! ; (3%1) 9 Oqi ]Z:; (3(17;1 ) Wi Oqiv
] MNmeas 852 B
by = - (—J)T‘/ij 16'L’j(qz(')ap0)
= 9

All local derivatives from each track make matrix equation: b* = G*Ap + I'Agq;
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The global detector alignment parameters Ap and the local track fitting parameters Aq; should
satisfy:

mev me—u me'v

Y d'=(>_CHAp+ > G'Ag;
=1 =1 =1

b* = G*Ap + I Ag;

All the parameters can be solved simultaneously from following vast matrix inversion:

(zici G'' G* ... G ... G\ [ Ap |\ [X,d)
GHT 1™ o0 ... 0 ... O Aqq bl
GHT o 1 ... 0 ... O Aq- b?
GHT o o0 ... TV ... 0 Ag; b’

\G™)T 0 0 .. 0 .. Tme) \Agn.) \bme)

The solution requires the inversion of the matrix with the dimension of n+mg,v.

n: the number of the global parameters (up to 15 000 for the AMS tracker)
Me,: the number of tracks in the alignment

v: the averaged number of the local track fitting parameters for each track

Huge matrix, impossible to invert? Mathematically can be solved by PEDE’s approach!
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Alighment based on 400 GeV/c proton Test Beam (CREN)

TB data used in current alignment TB data for misalignment study

Particle | Momentum | C1/C2 | Min Events | Spills | Time (hrs) Positions Rate (p/sp) Comment

Pr (Bar) | Per Pos | Per Pos Total Expected
Protons | 400 GeV 2/2 109 75 1 Center, 5° 20k Initial Setup
Protons | 400 GeV 2/2 10* 3 5 TRACKERG60 20k Inner Tracker Alignment
Protons | 400 GeV 2/2 10* 7 1 TRACKERI10 20k Laser Correlation
Protons | 400 GeV 2/2 10* 3 30 TRACKERA416 20k Layers 1/9 Alignment
Protons | 400 GeV 2/2 10* 3 6 TRACKERS0 20k Layers 2/9 Alignment
Protons | 400 GeV 2/2 10* 3 24 TRACKER280 20k Layers 1/8 Alignment

67

Particle | Momentum | C1/C2 | Min Events | Spills | Time (hrs) Positions Rate (p/sp) Comment

Pr (Bar) | Per Pos | Per Pos Total Expected
Protons | 400 GeV 2/2 10" 3 5 TRACKERG60 20k Inner Tracker Alignment
Protons | 400 GeV 2/2 10* 3 5 TRACKERMISS 20k Inner Tracker Alignment

‘ ﬂ, AMS attitude in the test beam
' X
l |

beam I

|
Pw" | H

L9

L1 I |
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Tracker XResiduals for Each Ladder Before and After Alignment
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There is no bias in each of ladder after alignment. 42



Tracker YResiduals for Each Ladder Before and After Alignment
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Tracker Residuals for Each Sensor After Alignment
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There is no bias in each of sensor after alignment.
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Dynamic Alignment of the External Layers in Flight

1: The mechanical and thermal deformation coefficients
L1 of the external layers (L1 and L9) supporting structures are
~ different from that of the inner tracker (L2-L8).

2: When AMS in flight, the two external layers are

e continually moving over time with respect to the inner
'[g"[g tracker. The movement reaches 200 pm/half-obit (~45

718 minutes) and 1000 um/month.

3: To correct the position, the external layers are
dynamically aligned by using cosmic ray events every 90
— L9
_ sec.
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The Movement of the Tracker L1 In a Day
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The orbital period of ~1.5 hours can be clearly seen in the alignment parameters:
The L1 movement in shift Aupt!, Avpt' and Awpt': 100-200 pm/half obit
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The orbital period of ~1.5 hours can be clearly seen in the alignment parameters:
The L1 movement in rotation ap-', B!, and yp-': 0.02-0.2 mrad/half obit 47
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The Daily Averaged Movement of the Tracker L1 (2011-2020)
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In addition to the orbital movement, external layers also have long-term periodic movement.
The L1 movement in shift Aup-!, Avpttand Awpt': 200-1000 ym/month 48
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In addition to the orbital movement, external layers also have long-term periodic movement.
The L1 movement in rotation ap!, Bpt!, and yp-': 0.02-0.5 mrad/month 49
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The Alignment Precision VS Time (2011-2020)
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Static Alighment of the Tracker in Space

Before launch, all the AMS tracker modules have been aligned based on the primary 400 GeV/c
proton beam. However, the strong accelerations and vibrations during launch, followed by the
rapid outgassing of the support structure in vacuum, permanently changed the positions of
ladders and sensors up to tens of microns compared to their positions on the ground.
Therefore, the entire tracker has to be re-aligned with cosmic ray events to correct the
resulting displacement. The unprecedented challenge of this alignment is the unknown
curvatures (inverse rigidities) of the incoming particles in the presence of the magnetic field.

A track alignment approach similar to the alignment on ground is not
\ L1 sufficient for this alignment as the curvatures of tracks can be
significantly biased due to a lack of constrains. Therefore, we
developed a new alignment approach to precisely align the
spectrometer (2,000 tracker modules) in space.

— =1
] L2 >
k4 | | 2 A A
L5-L6 o . :
(@] i~
| L7-L8 a A=.-e e g
- | &
2 A
= £
]‘: L9 trajectory ﬁ: trajectory = ¥ trajectory

Tracker on ground Tracker in space Tracker in space after

before alignment alignment with curvature bias
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AMS Global Composite Curvature Alignment

To align the detector with particles of unknown rigidity in the presence of a magnetic field, a
new alignment mathematical physics model has been developed:

residual measurements (&) multiple-scattering (B)
5 Nirack | Nmeas | T 1_1 i Rscar—1 1 : . P ( )
2@p) =), | X &i(ep) Vi &i(aip) + ) Byla) Wy ﬁu(qz) lz-
i=1 | j=1 j=2 !

curvature bias (p)
With the mathematic linearization of € (residual), B (scattering angle), and p (curvature), all the

global detector alignment parameters, Ap (104 parameters), and all the local track parameters,
Aq (1019 parameters), are simultaneously solved through one vast matrix inversion:

i 1 j N i iR (0 _19¢€ij _ 9p; ~1 9Pt
P AN AN ch=E (G Vi s S
(G . O . o 0 b Gl _nmze“s<88ij> V_ (98,1
. . . . s j=1 apg gl aqir
. : * . : * . : : : . Nmeas 88 T _ ag Rscar—1 aB T _ aﬁ
: : = . Oi=Y (52) Vi' 52+ L)ow
o0 ||a| | w| TR
. Nmeas , Je. .\ T _ ap
. . . dy=— L) vile(q), “Z7'pi
: j;(apg) Jtei(al o) = 5 2 pie")

\(GN)T 0 0 FN) \AqN) kbN) b§=—iﬁs(aeij)TV;jleij(q?,po)

1 9qil
To achieve micron-level alignment accuracy for each sensor, 1.6 billion selected cosmic-ray

events were used in this alignment. The track information from all these events was integrated
into one matrix for the solution of all detector alignment parameters.
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AMS Alignment Precision in Space

Utilizing the isotropy property of cosmic ray flux, a relative curvature bias (inverse rigidity: 1/R) was
estimated for various detector module combinations. The average curvature bias after alignment was
reduced to 0.11 TV, corresponding to a position alignment accuracy of ~2 microns. With alignment,
the position measurement resolution for carbon nuclei reaches 5.1 microns. Correspondingly, the
maximal detectable rigidities, R, with RM o (1/RM ) =1, are RM=3.6 TV.
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Determination of the Total AMS Absolute Rigidity Scale in Space

After the previous alignment, the tracker has a good rigidity resolution. However, the entire
tracker can have an overall shift in the total absolute rigidity scale, resulting in a coherent shift
in the positions of the tracker layers. To accurately determine the total absolute rigidity scale in
space, a method using cosmic-ray positron (e*) and electron (e~) events to calibrate the
detector was developed. This method was based on the principle that et and e at the same
energy exhibit opposite curvature (1/R) in the magnetic field.

+ - + -
& \ /e Shift < [/e ,
] ]
1 1 1 1 [Shift
Re:| | | Re-| IRleel] | |R|
4[ 4[
© = ECAL Shift <5=% EcaL
The measured curvatures are opposite for When a tracker shift occurs, the measured
e+ and e- with the same energy, in the curvatures for e+ and e- are biased in

absence of the tracker shift. different directions.
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To make full usage of all statistics of e+ and e- events in cosmic rays from different energies,
an advanced un-binned likelihood method has been developed. The detailed description
about this method can be found in “Nucl. Instrum. Methods Phys. Res. A 869, 10 (2017)".
With this method, the rigidity scale of the AMS tracker was established with an accuracy of
+1/30 TV-L, which corresponds to the determination of the coherent displacement of the
inner tracker layers with a precision of better than 0.2 um. This work allows AMS to measure
the cosmic ray fluxes with an accuracy of a few percent at the highest energy.
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AMS Cosmic Ray Flux Measurement (Helium)

With precise detector alighment/calibration, AMS measures cosmic ray fluxes with
an accuracy of a few percent up to TV rigidity region.
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Abstract The Alpha Magnetic Spectrometer (AMS) is a
precision particle physics detector operating at an altitude of
~ 410 km aboard the International Space Station. The AMS
silicon tracker, together with the permanent magnet, mea-
sures the rigidity (momentum/charge) of cosmic rays in the
range from ~ 0.5 GV to several TV. In order to have accu-
rate rigidity measurements, the positions of more than 2000
tracker modules have to be determined at the micron level by
an alignment procedure. The tracker was first aligned using
the 400 GeV/c proton test beam at CERN and then re-aligned
using cosmic-ray events after being launched into space. A
unique method to align the permanent magnetic spectrometer
for a space experiment is presented. The developed underly-
ing mathematical algorithm is discussed in detail.
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