
Matteo Duranti
INFN Sez. Perugia

on behalf of the AMS Collaboration

AMS DM-related
results

PERUGIA



• the instrument

• DM-related physics results
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The instrument
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A precision, multipurpose, TeV spectrometer
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AMS mission

14/09/22 M. Duranti – DMNet2022 7



TRD: 
identifies the 
electron

Tracker and Magnet: 
measure the momentum

ECAL: identifies the electron and 
measures the energy

side 
view

front 
view

RICH unitary 
charge (Z)

TOF: sign of 
velocity and 
trigger

ISS Data – 1.03 TeV Electron
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AMS measures :
• Momentum (P, GeV/c)
• Charge (Z)
• Rigidity (R=P/Z, GV)
• Energy (E, GeV/A) 
• Flux (signals/(s sr m2 GeV))

Particle identification
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e/p discrimination
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One important lesson from the 
AMS experiment is the 
importance of the redundancy: 
use one detector to create 
control sample for another one.

Study of the difference
(i.e. likelihood) between

dE/dx and TR in 20 layers
of fleece radiator + 

straw tubes

Study of the 
difference (i.e.
Boosted Decision 
Tree, BDT) 
between hadrons 
and EM particles 
in 19 variables 
describing 3D 
shower shape
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Physics Results
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Lower part (< few 
tens of GeVs) of 

the spectra is 
affected by solar 

modulation



Positrons
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Traditionally, Cosmic Ray 
spectrum is described by a power 

law function.

Change of the behavior at ~50 
GeV and at ~1 TeV

Towards Understanding the Origin of Cosmic-Ray Electrons 
Cheng ZHANG 

Institute of High Energy Physics, CAS 
On behalf of the AMS collaboration 

Abstract 
Precision results on cosmic-ray electrons are presented in the energy range from 0.5 
GeV to 2.0 TeV based on 50 million electrons collected by the Alpha Magnetic Spec-
trometer on the International Space Station. In the entire energy range the electron 
and positron spectra have distinctly different magnitudes and energy dependences. 
At medium energies, the electron flux exhibits a significant excess starting from 49.5 
GeV compared to the lower energy trends, but the nature of this excess is different 
from the positron flux excess above 24.2 GeV. At high energies, our data show that 
the electron spectrum can be best described by the sum of two power law compo-
nents and a positron source term. This is the first indication of the existence of iden-
tical charge symmetric source term both in the positron and in the electron spectra 
and, as a consequence, the existence of new physics.  

Electrons and Positrons in the Cosmos 
  Electrons are produced and accelerated in SNR together with proton, Helium. They are 
primary cosmic rays that travel through the galaxy and detected by AMS. 

  These particle interact with the interstellar matter and produce secondary source of anti-
particle: positron, anti-protons etc. They are much less abundant in astrophysics process. 

  New physics sources like Dark Matter produce both particles and antiparticles in equal 
amount. 

Latest Positrons and Electrons Results 

 

Result 
 

Result 
 Electron spectrum favors the contribution of  

the positron-like source term 

About AMS Upgrade 

 

The upgrade will extend the energy range of the electron flux meas-
urement from 2 TeV to 3 TeV and reduce the error by a factor of two. 

Electron Spectrum at High Energy 

About AMS Upgrade 

 

The upgrade will establish the charge-symmetric nature of the high en-
ergy positron source term at the 99.994% C.L. 

Origin of high energy electrons 
New sources like Dark Matter will produce equal amounts of positrons and electrons 

Conclusion 
we have presented the high statistics precision measurements of 
the electron flux from 0.5 GeV to 2.0 TeV based on a data sample 
of 50 million electrons. The electron flux exhibits a significant ex-
cess starting from 49.5GeV compared to the lower energy trends, 
and changes the behavior at  ~1TeV. The electron flux is well de-
scribed by the sum of two power law components and a positron 
source term. With the AMS upgrade, the energy range of electron 
flux will be extended from 2TeV to 3TeV with reducing the error by 
a factor of two, and the existence of positron source term will be 
established at the 99.994% C.L.  

In the entire energy range the electron and positron spectra have distinctly 
different magnitudes and energy dependences. 

Measurements of positrons and electrons before AMS 

 

Electrons
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• AMS-02 Antiprotons
• AMS-02 Positrons

Antiproton data 
show a similar 

trend as 
positrons.

Antiprotons vs positrons
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The positron-to-
antiproton flux 

ratio is 
constant 

independently of 
energy. 

Antiprotons 
cannot come 
from pulsars.  
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Antiprotons vs positrons

14/09/22 M. Duranti – DMNet2022 23



The positron flux is the 
sum of low-energy 

part from cosmic ray 
collisions plus 

a high-energy part 
from a new source or 
dark matter both with 

a cutoff energy ES.
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Study of Positrons
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Collisions New Source or Dark Matter
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Study of Positrons & Electrons
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Electron spectrum 
favors the 
contribution of the 
positron-like source 
term at 2𝛔 level 
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• in the first 10 years AMS-02 produced a wide set of high statistics, 
high accuracy, unprecedented, cosmic ray measurements

• this set of measurements is challenging the theoretical
community for a fully comprehensive model able to explain all
the observed features

• AMS will be operated for the full life-time of the ISS (2032?). In 
case of upgrade, some channels will have a significant boost in 
statistics/accuracy
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Acceptance increased to 300% (10 years 
data becomes 30 years data)

y
z
x

New Silicon Tracker Plane

Existing Tracker L1

Front-end electronics 

L0-Y
bending direction

7 micron

L0-U 
rotated 45o

10 micron bending
10 micron non-bending

ladders of 
8 sensors

ladders of 
10 sensors

ladders of 
12 sensors

Si sensors

AMS-02 upgrade "L0"

New Silicon 
Tracker Layer:  
one plane, two 
layers, each ~ 
4m2
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10x10 cm2 sensors
(INFN-Perugia, Italy)

AMS-02 upgrade "L0"
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Stay tuned…
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Cherenkov cone in RICH
4He:  Mass   =    3.73 GeV/c2

Charge  =  +2

Charge = −2.05 ± 0.05
Mass =    3.81 ± 0.29 GeV/c2

Heavy antimatter
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The positron flux is the sum of a low-energy part from cosmic ray 
collisions 

plus a high energy part from pulsars or dark matter. 
The antiproton spectrum rules out the pulsar origin of positrons.

Bulk of electrons originate from different sources than positrons;
but highest energy electrons show positron-like contribution at 2𝛔 level.  

Unexpected results from the Study of Positrons & Electrons
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Yearly, Monthly, Daily Proton Flux from 5.5 billion events
Unexpected observation of periodic 

structures which are momentum dependent

These are new and unique probes of 
fundamental properties of solar 
system and provide safety 
information for interplanetary travel.

Time variations: protons
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May 19, 2011: 
AMS installation 
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A particle physics experiment on ISS

Payload Operation
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At high energies (>100 GeV), the energy 
resolution is better than 2%.

This has been checked in a large Beam Test 
campaign and is well predicted by the MC 

simulation

Test Beam Electrons
10

20
80 100120 180 290

ECAL energy absolute scale
calibrated and tested during Beam Tests on ground

ECAL energy scale known at 2% level in 
[10.0 – 290.0] GeV 

Energy measurement



Chapter 6. The e+ + e� flux measurement 187
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Figure 6.2: Parametrization of the ECAL energy resolution (in blue) and the energy measurement
absolute scale systematics (in red). Both curves have been parametrized between 10 GeV and 290 GeV
using test beam e±. The ECAL resolution energy dependence has been extrapolated continuously
outside this range. The uncertainty on the absolute scale grows towards low and high energies in order
to cover further discrepancies with the MC simulation.

dure explained in Section
fluxintro:MCnorm
3.3 assuming an injection flux �⇤

gen(Egen) representative of the incoming3916

e++e� flux. The analysis selection chain has been applied on MC simulation e� events. The bias3917

introduced in the energy measurement by every cut on the analysis is in this way taken into ac-3918

count. The selected e� events are then accumulated in histograms according to the reconstructed3919

energy value Erec and the reconstructed flux �⇤
rec(Erec) is then computed, as done for data, ac-3920

cording to the prescription of Equation
eq:flux
3.11. Finally �⇤

rec(Erec) is compared to the known input3921

flux �⇤
gen(Egen). Any discrepancy between the two values has to be considered a consequence of3922

bin-to-bin event migrations due to the finite ECAL energy measurement resolution and to any3923

non-linearity in the energy scale.3924

The uncertainty of the flux measurement due to the bin-to-bin event migration induced by the3925

finite ECAL energy measurement resolution has been studied using this approach. For each MC3926

simulation event, the value of Erec has been determined by applying a smearing to the value of3927

Egen according to the energy resolution observed in the ECAL migration matrix. Any deviation3928

from the linearity, observed in Figure
fig:flux:ecal:scale:resomatrix
6.3, has been neglected in this approach to disentagle the3929

bin-to-bin event migrations from the event migrations due to a miscalibration of the energy scale.3930

This last point will be discussed later in this section. The result of the comparison of �⇤
rec(Erec)3931

with the known input flux �⇤
gen(Egen) is shown in Figure

fig:flux:ecal:scale:bintobinerror
6.4. The red points quantify the amount3932

of systematic uncertainty to the flux measurement due to the discrepancy observed in �⇤
rec(Erec) if3933

compared to �⇤
gen(Egen). This e↵ect has been studied independently also by other analysis groups3934

within the AMS collaboration. The parametrization that has been chosen by the collaboration to3935

• For each energy bin, the flux measurement is reported to a representative value 
Ē of the energy in the bin for a flux  E−3

• the uncertainty on the energy scale is associated as an error to the choosen Ē

ECAL energy scale known at 2% level in [10.0 – 290.0] GeV 

Energy scale
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�� ⇠ (� � 1)�abs

Historically the error on the absolute 
energy scale is not quoted and not 
plotted or quoted/plotted as error on 
the energy (i.e. "on x") and not on the 
flux (i.e. "on y"): 



The comparison of the ECAL 
energy with independent 

Tracker rigidity measurement
used to ensure the correction 

absolute scale 

Energy absolute scale

- BT electrons/positrons
- ISS electrons

Stability in time of the calibration
cross-checked, aposteriori

This is possible thanks to the AMS 
redundancy and complementarity



2011AMS-02
InstalledOnISS 2020AMS-02.01

1°Upgrade:UTTPS 2024AMS-02.02
2°Upgrade:L0

• Installation of one additional
sylicon tracker layer (~7 m2): 
layer 0 (L0)

• Acceptance X3



AMS Upgrade



AMS Upgrade



TRD and ECAL are separated by the 

magnet so that e+ produced in the 

spectrometer do not enter the ECAL

e+/p separation of > 106

Transition Radiation Detector (TRD) 

Electromagnetic Calorimeter (ECAL)

TRD
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e+/p separation of ~103

e+/p separation of ~104

Accurate Measurement of Positrons
For every cosmic positron there are 10,000 cosmic protons, 

a 1 % measurement requires a e+/p separation of 106
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Shower development topology: segmentation
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Red line: CO2 gas/liquid two phase Blue line: CO2 liquid phase

Pump

Heat exchanger

Accumulator

Condenser
Tracker

Thermal Control of the AMS-02 Silicon Tracker 
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#SpacewalkforAMS
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10,880 
photosensors

21,760 Signal 
Pulses

to identify nuclei 
and their energy

Intensity µ Z
Q µ V

Radiator

Detectors

Reflector

Particle

Θ

NaF Aerogel

Li C OHe Ca

AMS-02 Ring Imaging CHerenkov
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ZRICH= 5.1

An AMS-02 RICH ion ring
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Z = 7 (N)
P = 2.088 TeV/c 

Z = 10 (Ne)
P = 0.576 TeV/c 

Z = 13 (Al)
P = 9.148 TeV/c 

Z = 14 (Si)
P = 0.951 TeV/c 

Z = 15 (P)
P = 1.497 TeV/c 

Z = 16 (S)
P = 1.645 TeV/c 

Z = 19 (K)
P = 1.686 TeV/c 

Z = 20 (Ca)
P = 2.382 TeV/c 

Z = 21 (Sc)
P = 0.390 TeV/c 

Z = 22 (Ti)
P = 1.288 TeV/c 

Z = 23 (V)
P = 0.812 TeV/c 

Z = 26 (Fe)
P = 0.795 TeV/c 

Up to iron…
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AMS-02: Time of Flight
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Measures Velocity and Charge of particles
The amplitude spectra for different ions have then been

corrected for the scintillator response. The result is shown in
Fig. 21.

The charge resolution of a single counter, shown in Fig. 22,
degrades with an increasing charge, as expected given the
saturation of the emitted light. In AMS-02 the charge resolution
is expected to improve by a factor two, using four independent
measurements of the energy deposited by the particle in the four
TOF layers. Therefore, the complete TOF detector should allow ion
identification up to charge Z ! 15.

The time-of-flight resolution, measured between the two AMS-
02 counters and shown in Fig. 23, decreases with increasing Z,
following the formula:

st ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P1

Z

" #2

þP2
2

s

with P1 ¼ 15972 ps and P2 ¼ 7971 ps. The first term in the
resolution is inversely proportional to Z and hence to the square
root of the number of photoelectrons produced by the particle;
the second term is a constant representing the overall time
resolution of the electronics chain (including cables).

6. The LTOF and UTOF detectors assembly

The mechanical supports for TOF planes are designed to be
accommodated into the general mechanical structure of AMS-02.
They have been calculated through structural and modal analysis,
to sustain the acceleration and vibration stresses induced during
the early stage of the Space Shuttle take-off and to define the
eigenfrequencies of the overall systems. Vibrational and TVT tests
on prototypes of single sub-assembly or parts were performed at
an early phase of the design to validate it. Special care was used to
ensure that PMTs could stand the induced stresses. The support-
ing structure has been consequently designed to minimize them.

Figs. 24 and 25 show the exploded view of the mechanical
structure of upper and lower TOF, respectively.

A rigid aluminum honeycomb plate is used as a general
support structure attached to the USS. Light aluminized carbon
fiber covers enclose each layer, ensuring the necessary light
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Fig. 20. Signal amplitude as a function of the particle charge. The dashed line is
the best fit with Birks’ law as explained in the text.
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Fig. 21. Detector response, corrected for saturation, as a function of the ion charge.
The dashed lines represent the Gaussian fit to the various peaks.
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Fig. 22. Charge resolution of single counter response, corrected for saturation, as a
function of the ion charge.
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Fig. 23. Time resolution of the detector as a function of the ion charge. The dashed
line is the fit to the data, as explained in the text.
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- σt =   80 ps @Z=6

Z=2 sb=2%
st=80ps

x103

Velocity [Rigidity>20GV]

Ev
en

ts In Flight:



TOF 1 
and 2

TOF 3 
and 4

Plane 4

3, 4

Z=6
sb=1.2%
st=48ps

TOF Charge

Ev
en

ts
/B

in

Ev
en

ts
/B

in

TOF Charge

Z=26.01± 0.38

Z=26 One-Typical-Counter Charge Resolution

Velocity [Rigidity>20GV]

Ev
en

tsAMS-02: Time of Flight

14/09/22 Matteo Duranti 57

Measures Velocity and Charge of particles
The amplitude spectra for different ions have then been

corrected for the scintillator response. The result is shown in
Fig. 21.

The charge resolution of a single counter, shown in Fig. 22,
degrades with an increasing charge, as expected given the
saturation of the emitted light. In AMS-02 the charge resolution
is expected to improve by a factor two, using four independent
measurements of the energy deposited by the particle in the four
TOF layers. Therefore, the complete TOF detector should allow ion
identification up to charge Z ! 15.

The time-of-flight resolution, measured between the two AMS-
02 counters and shown in Fig. 23, decreases with increasing Z,
following the formula:

st ¼

ffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffiffi
P1

Z

" #2

þP2
2

s

with P1 ¼ 15972 ps and P2 ¼ 7971 ps. The first term in the
resolution is inversely proportional to Z and hence to the square
root of the number of photoelectrons produced by the particle;
the second term is a constant representing the overall time
resolution of the electronics chain (including cables).

6. The LTOF and UTOF detectors assembly

The mechanical supports for TOF planes are designed to be
accommodated into the general mechanical structure of AMS-02.
They have been calculated through structural and modal analysis,
to sustain the acceleration and vibration stresses induced during
the early stage of the Space Shuttle take-off and to define the
eigenfrequencies of the overall systems. Vibrational and TVT tests
on prototypes of single sub-assembly or parts were performed at
an early phase of the design to validate it. Special care was used to
ensure that PMTs could stand the induced stresses. The support-
ing structure has been consequently designed to minimize them.

Figs. 24 and 25 show the exploded view of the mechanical
structure of upper and lower TOF, respectively.

A rigid aluminum honeycomb plate is used as a general
support structure attached to the USS. Light aluminized carbon
fiber covers enclose each layer, ensuring the necessary light
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Fig. 20. Signal amplitude as a function of the particle charge. The dashed line is
the best fit with Birks’ law as explained in the text.
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Fig. 21. Detector response, corrected for saturation, as a function of the ion charge.
The dashed lines represent the Gaussian fit to the various peaks.
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Fig. 22. Charge resolution of single counter response, corrected for saturation, as a
function of the ion charge.
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Fig. 23. Time resolution of the detector as a function of the ion charge. The dashed
line is the fit to the data, as explained in the text.
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Single Counter (pre-Flight):
- σt = 180 ps @Z=1
- σt = 100 ps @Z=2
- σt =   80 ps @Z=6

In Flight:



AMS-02: Silicon "ladder"

14/09/22 Matteo Duranti 58

AMS ladder S-side (horizontal strips)  AMS ladder S-side (horizontal strips)  

2014/12/1 3 

Strip 639 

Strip 0 

Bonding 

Readout (implantation) strips: 640 (642*2) 
Readout (implantation) pitch:  110μm (27.5) 
 
Active area of one sensor:  70.669 * 39.909 mm2  
Gap between 2 sensors (along Y axis):  40μm 
Gap between 2 active area (along Y axis): 715 + 40 + 715 = 1470μm 

X 

Y 

X 

Y 

X

AMS ladder K-side (vertical strips)  

2014/12/1 4 

Strip 0 Strip 191 

Bonding 

Strip 383 

Readout (implantation) strips: 192(384) 
Readout (implantation) pitch:  208μm (104) 
 
Strip ID of sensor 0, 2, 4, 6, 8, 10:  0 ~ 191 
Strip ID of sensor 1, 3, 5, 7, 9, 11:  192 ~ 383 
Active area of one sensor:  70.623 * 40.007 mm2  
Gap between 2 active area (along Y axis): 676 + 40 + 676 = 1392μm 

X 

Y 

Strip 0 

AMS ladder K-side (vertical strips)   

X 

Y 

AMS ladder S-side (horizontal strips)  AMS ladder S-side (horizontal strips)  

2014/12/1 3 

Strip 639 

Strip 0 

Bonding 

Readout (implantation) strips: 640 (642*2) 
Readout (implantation) pitch:  110μm (27.5) 
 
Active area of one sensor:  70.669 * 39.909 mm2  
Gap between 2 sensors (along Y axis):  40μm 
Gap between 2 active area (along Y axis): 715 + 40 + 715 = 1470μm 
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64CHAPTER4.THEMICROSTRIPDETECTORSINTHEAMSEXPERIMENT

4.5K5andK7Upilexcables(K-side)

Thecablesaremadeofa50µmthickUpilexfoil.Thestripsusedtotransmitthesignalsare
composedofa1.5µmthickgoldlayercoveredbya5µmthickcopperlayer.Thestandard
cableversion(K5),usedforinternallayerladders,isschematicallyshowninfigure4.11,a
simplifiedrepresentationisshowninfigure4.9.The192readoutstripsofsensors1,3,5,7,...
aredaisychained,andcorrespondtotheVApreamplifiers(seesection4.7.2)1to3(channels
1to192).The192readoutstripsofsensors2,4,6,8,...aredaisychainedandcorrespond
toVApreamplifiers4to6(channels193to384).Thecablethusreducesthen·384stripsto
2·192readoutchannels.Table4.3describestherelationbetweenthereadoutchannelsand
thesiliconreadoutstrips.

ChannelStrip

1and193384

2and194382

3and195380
..
.

..

.

191and3834

192and3841

Table4.3:K-sidestripandchannelclassification.Channels1to192correspondtoodd
positionsensors,channels193to384correspondtoevenpositionsensors.
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Figure4.9:ThewayK5UpilexchainsthesiliconstripsontheK-side;forclarity,onlyone
groupisshownbonded.

Then-stripsignalroutingismoreelaboratefortheouterlayerladders:theK7design
(figure4.12)mixesstripsofneighbouringsensorsusingtwodi↵erentUpilexstrippitches.
The384readoutchannelsaredividedin12groupsof32channels.Asshowninfigure4.12,
thesensorn-stripsaredividedin7groupsof32strips.Asanexample,considersensors1
and2.Withsuchabondingscheme,toreadoutthedetectionsurfaceofbothsensors,the
stripgroups6and7ofsensor2areconnectedtochannelgroups1and2.K5/7Upilex
dimesionsaredescribedinappendixB.2.ThebondingschemeoftheK7Upilexisdescribed
inappendixE.3.

Y

Y

X

"multiplicity" (or "ambiguity"): the 1500-3000 K-side 
channels needed for each ladder are "merged" into 384. 


