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AMS-02 Experiment

TRD Time of Flight
Z,E

e 6 sub-detectors

The Alpha Magnetic Spectrometer (AMS) is the only magnetic spectrometer in space
Dark matter signals

Primordial antimatter by direct detection of antinuclei . _
Production, acceleration and propagation of cosmic rays Physics topics
Solar modulation

Since its installation in 2011, more than 270 biIIionligZ%%g!gcgay events have been collected until now




AMS-02 Tracker Upgrade e

New Tracker Layer 0

A new silicon strip tracker Layer-0 (L0) will be added on the top of AMS, besides

Layer 1

the existing 9 layers.

 lts large sensitive area (~7m?2) increases the cosmic-ray acceptance to 300%
* Improves charge and track measurement ability
» Ready for flight ~ 2027

Determination of the Origin of Cosmic Positrons by 2030

AMS will ensure that the measured high energy positron spectrum indeed drops off quickly
and, at the highest energies, the positrons only come from cosmic ray collisions
as predicted by dark matter models

Cosmic Ray Nuclei by 2030

Current Data With upgrade
2016-

N
(3

® AMS Current Data
® Projection AMS by 2030
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10 100 The upgrade of AMS will provide accurate measurements of high-Z

Energy [GeV] (Z215) nuclei, particularly with R>35 GV (where no data exists)

By 2030, more data of high energy G. Ambrosi, AMS-LO: upgrade status
cosmic-rays will be obtained and prospects @ ASAPP 2023



https://indico.cern.ch/event/1208314/contributions/5283387/attachments/2669279/4627645/20230620%20ASAPP.pdf

LO: Silicon Strip Tracker

L0 tracker
2 layers
72 ladders
768

Sensors

3

o

LOompIe

ted in Sep, 2025

9 Iad“ders on a QL

« LO is composed of two layers that rotate relative to each

other by 45 degrees
Sensors Designed by IHEP + Perugia + HPK

Electronics  Produced by IPAS + NCSIST
 One QL has 9 ladders - totally 72 ladders Ladders Constructed by IHEP + SDIAT

« Each layer comprises 4 Quarter Layers (QLS)

 Ladder is the basic readout module of LO

ligz@ihep.ac.cn 4



LO Ladder

12 x SSD
(Si Strip Detector)

IDE1
ASIC

Wirebondings

" I

Not to scale
140

Frontend Electronics Board

LO Bias Board (LBB)

secure

conductive glue to
apply HV

» Aladderincludes 8, 10, or 12 silicon strip sensors and
an readout board LEF secured on an LBB
« Sensors and LEF are connected by bonding wires (1024

channels + ground), forming a long equalized strip

onding wires sensor

One readout channel has an equalized strip length of ~ 1m.
For a good spatial measurement, precise alignment in X

dimension is necessary
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Gantry System for Ladders
NS
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Custom-designed gantry dedicated to AMS LO ladders for high percision assembly
« Gantry head move in X-Y-Z axis and rotate (U axis) in X-Y plane

« Syringe with an air pump to dispense glue on LBB

« Two cameras to recognize marks on a sensor for positioning in real time

« Head with gripping fixture to pick up, place and fine-tune sensor via vaccum  JINST 21 C01003

liqgz@ihep.ac.cn 7


https://iopscience.iop.org/article/10.1088/1748-0221/21/01/C01003/pdf

LO ladder assembly steps
A :>

Silicon sensor

Gantry head —

» Picks up a sensor by vacuum

Gripping fixture

vacuum at the bottom of jig

/’ Ko ; c
i ed to malntaln /
acuum is US ilicon sensor - Assembly jig

osition of the S
Fc)jur'mg glue curing

Front
Sensor;,

Real-time positioning for fine tuning

ligz@ihep.ac.cn

» The gantry head picks up a gripping fixture via vacuum

» Places the sensor in the target position on assembly jig

c @ » Align the sensor by fine tuning by real-time positioning

Sensor;

» Leave the gripping fixture to clamp the sensor firmly by

Front




LO ladder assembly steps

After all sensors assembled and fine-tuned:

« Wait for 24h to let the glue cure

Remove all gripping fixtures

Move the ladder by a large-size pickup tool
to transportation plate

Wire bonding

liqgz@ihep.ac.cn 9



Ladder Assembly Results

Number of Ladders
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LO ladders production P )

Total 72 FM ladders r

Stepl: Mount SSDs

e Step4: Electronic Test
Step3: Wire-bonding

Dae mvearzoas
By Sep 2024, 76 (4 as spare) ladders have been successfully assembled and tested:
« 42 12-SSD ladders
« 17 10-SSD ladders
« 17 8-SSD ladders

All ladders show good alignment and electrical performance

ligz@ihep.ac.cn

10



Ladder Assembly Results

The deviations are denoted as AX and A® < Il_l._l_.ll Y O Rotation

« AX: Offset of the center with respect to the fitted line ‘l’_x) Angle
Not to scale

» AB: Relative rotation angle with respect to the fitted line

« The overall alignment precision:

2
— | 2 L-
tot_\/Dx+ -

 Foreach ladder, 0 < 5um

The results are at

world-leading level

— T T T T T T T T T T T T T o e . S B S S S EE B B R

~ J E ] 59F
_ 80 F 94 o F
mean =0.0010.11 E  mean =0.005+£0.002 1 S 8EF
- ©=3.2010.08 J 70F o©=0.048:0.001 ESE]
: { w0f 1%.E
C ] 50F 3 55E
- 140F 3 E4E
: 1 30F 493k
: =f 3
: 1 10F 4 1F
0_ i 0: ] | ! 1 0 ! 3
. . 220 10 0 10 20 04 02 00 02 04 o 1 2 3 4 5 6 7
Relative positions of all sensors Dx (1m) Ang (mrad) X Uncertainty (im)

are precisely measured by OGP AX and A8 for all sensors for each ladder 1



Electrical Test (E-Test) Results
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ligz@ihep.ac.cn 12



Process of LO

« Jan — Sep 2024

Construction and E-tests of all ladders
« Sep 2024 — Apr 2025:

Integration and E-tests of 8 QLs

Full Layer LO . _ . .
'\g\‘lntegration S — q : / Sep 2025:

Full-layer integration of LO completed

ligz@ihep.ac.cn 13



Beam Tests

Time Beam type and site
Jul 11-26 2023 Electron at IHEP
Aug 17-23 2023 Proton and muon at CERN
Oct 24-30 2023 lon at CERN
Jan 11-25 2024 Electron at IHEP
May 08-29 2024 Muon at CERN

Nov 04-14 2024 Ion at CERN

Aug 15-29 2025 Electron at CERN
Nov 07-25 2025 lon at CERN

May 08-24 2026 Ion at CERN
Jul 07-26 2026 lon at CERN

From 2023 to 2026, Many beam tests

were performed to study the

performance of sensor and ladder

ligz@ihep.ac.cn 14



Performance of sensor

Floating strips can enhance charge
sharing and thus improve the spatial

resolution performance

B A ¢

~113 mm
Il

~28mm

~ 80 mm Not to scale

L ~10.9 mm

Basic structure of sensor

+-

. in type, AC coupled to readout pad

» Pitch of readout channels is 109 ym

» Three floating strips between two adjacent readout channels

Three regions of sensor
A: with three floating strips and without bias resistors
B: with three floating strips and their bias resistors

C: without floating strips and with bias resistors for readout strips
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Performance of sensor
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Efficiency

~113 mm
A

0 _ 50
Position Along Strip [mm]

The detection efficiency of three regions ~ 99.8%

» The bias resistors located between two aluminum read out strips do not affect the efficiency
» The floating strips do not lead to a reduction in detection efficiency

Spatial resolution for A/B ~ 7.2 ym, for C ~ 15.2 ym

» The floating strips improve the spatial resolution performance

arXiv:2505.23050

liqgz@ihep.ac.cn 16



https://arxiv.org/abs/2505.23050v1


« An SSD sensor and an LEF form a TB, several

TBs in X/Y direction form a BM

« BM can reconstruct 3D tracks

Application: Beam Monitor

X N

TB11 - Event 11000 sigma=2.93, mean=0.12 (exclude abs top 10)
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A Test Board (TB) Beam Monitor (BM) of

3X+3Y layers

A typical minimum ionizing particle (MIP) event response for

liqgz@ihep.ac.cn
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layers. The horizontal axis represents the 1024 channels of a TB,

and the vertical axis shows the signal amplitude in ADC LSB



Charge Reconstruction for Heavy Nuclei
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Reconstructed continuous
charge labels
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TWe thank INFN, Florence for providing Charge

Tagger data used for event pre-selection

In addition to track reconstruction for MIPs, BM can reconstruct

charge for heavy nuclei, thus performing PID

« Use BDT as a core algorithum, a charge resolution better than

0.16 charge units is achieved for heavy nuclei with Z from 1 to 29,

by a 5X+4Y BM

Training-label construction

CT DBSCAN
preselection cleaning

Continuous Layer-wise
charge labels BDT training

Track-level
charge

Fit12 Seed-n
response map interpolation

Fit23 Second-1,3
response map interpolation

J

Training
data

Model
validation

Application to full data

[ All data }—b{ BDT.
application

Per-layer
charge




Performance of ladder

channels

» Acluster is a collection of consecutive channels
that exceed the threshold

» The cluster value is the sum of signals within a
cluster, representing the deposited energy

* The cluster size is the number of channels in
the cluster

P2 200l T T T T T T T T T
- -8 5SD a - —8SSD
:— 50'014: MPV ~75 LSB
— 10 SSD QO_UIZ_— — 10 SSD
a 2SSD = : 2SSD
i — il — 1288
= z 0.01F
:_ —gU.UOS—
E A~ 0.006
= 0.004
= 0.002
o s o P gy A e SR , PR 0_1<-; PR Gl T T (M O T S 2 M S S DO o
6 8 10 12 0 50 100 150 200 250
Noise [ADC LSB] Cluster Value [ADC LSB]

For a ladder with 8/10/12 sensors, the average noise is
7.6/8.7/9.7 LSB respectively

« The MPV of MIPs cluster value is about 75 LSB

* The corresponding spatial resolution for normal incident is

9.5/10.6/11.4 ym respectively

liqgz@ihep.ac.cn 19



Performance of ladder

Degrade of performance in the tail ?

— First SSD

—— Last SSD

0.01 » Cluster value distributions for head-end and tail-end sensors

are nearly identical, indicating there is no appreciable signal

loss during the transportation to LEF
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Performance of ladder

incident

particle
read out \ e read out
A i E27.25pm E A

Not to scale

In practice, cosmic rays arrive from
all directions, performance when
particle impacting at different angles

is important
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The resolution increases as the incident

angle increases

10 20 30
Incident Angle (degrees)

« Mainly due to the larger fraction of

clusters whose sizes are > 2

 C(Clusters whose sizes is > 2 have

worse hit reconstruction percision

than those whose sizes = 2

liqgz@ihep.ac.cn
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Spatial Resolution (um)

cluster size
fraction

@ Cluster Size =1

@ Cluster Size =2
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Beam Test of LO

The LO alignment beam test was completed at the
end of July, 2026

« Two BMs (3X+3Y) provided tracking information
for LO

« Data analysis is ongoing

ligz@ihep.ac.cn 22



Summary

All l[adders assembled and tested:
» Overall assembly precision: 3.4 um

» Leakage current<?2 pA

Sensor performance

» Sensitive area detection efficiency ~99.8 %
» Main region spatial resolution: 7.2 um

» Charge resolution <0.16 c.u. (Z=1-29)

Ladder performance
 8-/10-/12-sensor ladder resolution: 9.5/10.6 /1.4 ym
« Spatial resolution degrades at large incident angles: ~17 um @ 30°

 Long distance signal loss on ladders is negligible

Thank you for your attention

ligz@ihep.ac.cn
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BACK UP

AMS 2011-2026

Continuous data-taking

AMS 2026-2030
New 8m? Silicon Tracker Layer 0
Acceptance increased to 300%

0

liqgz@ihep.ac.cn
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Tracking Performance of sensor

DUT (Device Under Test)

/

/

Scintillators

]’ YX Yy XX ¥YX XY

y
X
z

Use one X-layer as DUT, other X-layers

act as a BM, the relation:

meas —

For the setup,

_ |2
\/BM+

2
DUT

v = 0.5 % pyr

ligz@ihep.ac.cn
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Gantry head moves in X, Y and Z directions,
and the rotary table at the end rotates in X-Y
plane

Linear axis positioning accuracy better than 1
Mm over 1 meter, and rotational accuracy better
than 0.001°

R
TR



Noise /LSB
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Noise increases as sensor numbers
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LO Bias Board (LBB)

glass-reinforced epoxy laminate material (FR-4)

liqgz@ihep.ac.cn
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o resolution for heavy nuclei of different Z can be

Based on charge reconstruction, the spatial

investigated
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As Z ific/eases, the deposited energy rises, leading to an

overall improvement in resolution

Excessive signal induces saturation in readout channels,

so the resolution degrades for Z > 20
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Title: The upgrade of the silicon tracking detector at AMS-02

Abstract:

The Alpha Magnetic Spectrometer (AMS-02) is currently the only magnetic
spectrometer operating in space and has provided unique opportunities to
explore fundamental questions, including the origin of antimatter and the
nature of dark matter. Motivated by its outstanding physics performance and
scientific potential, AMS is expected to continue operation to 2030s with a
major detector upgrade. The upgrade of the AMS silicon tracker introduces
an additional layer of silicon micro-strip detectors outside the existing
tracking system, requiring ultra-large-area, high-precision, and low-mass

detector modules suitable for long-term space operation.

This project aims to develop 96 cm-long silicon micro-strip detector modules
with an alignment accuracy better than 10 um. To address the challenges
associated with the assembly of large-scale precision silicon detectors, a
dedicated high-precision gantry-based assembly system and corresponding
alignment techniques have been developed. The project has successfully
realized space-qualified silicon micro-strip detector modules featuring
unprecedented scale and micron-level assembly precision. This report will
present the latest progress and key technologies in the design, precision
assembly, integration, and performance validation of the silicon micro-strip

tracker upgrade for the AMS experiment.




