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™
ATLAS project

- Structure of the ATLAS detector
- ATLAS detector upgrade connected with HL-LHC project

Pixel detectors

* Working principle of pixel detectors
e Current and future concepts of pixel detectors

Tests and characterization as an important stage in the pixel
detector development

— Module characterization at test beam facilities

— Characterization in the clean room

— LAL participation in Demonstrator project

Conclusions

5/29/2018 Pheniics Fest, Hadronic and Particle Physics
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_Solet;oid magnet

R =1082mm

R = 554mm

R =514mm

R =443mm
SCT

R=371mm

R =299mm

R =122.5mm e C—
Pixels { R = 88.5mm :’/// R

R =50.5mm

R =33.25mm /

R=0mm

Toroid magnets
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Calorimeters

- Semi-Conductor Tracker

ATLAs/detec tor &

Muon Chambers
i , Inner Detector (measures the momentum of

charged particles)

¢ Calorimeter (measures the energies carried by
particles)

*  Muon Spectrometer (Identifies and measures
muons)

* Magnet System

Inner Detector

The dashed tracks
are invisible to
the detector

Pixel Detector
\dotocker

Pheniics Fest Hadronic and Particle Phvsics



mtE The (HL-)LHC. 'I"‘.i.m"e?li,nsL |

LHC
LS1 EYETS LS2 14 TeV LS3 14 TeV
13 TeV — = energy
. - injector upgrade . :
splice consolidation cryolimit HL-LHC nominal
7Tev 8T8V button collimators Ffﬁ?‘g Ei:Toll- meraction installation uminosity
— R2E project Civil Eng. P1-P5 "39_\‘
N T T R T T T T T N T N N TR T =R
_
ATLAS - CMS radiation
experiment upgrade phase 1 damage ATLAS - CMS
beam pipes _— 2.5 nommal luminesity upgrade phase 2
5% nominal luminosity M ALICE - LHCb P !
noaminal upgrade
Iumincesdiy
30 fb™ 150 b 300 fb™* 3000 fb [

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 4



Zt‘t Motivation for ATTLAS IQneﬁD:;teq"tbi%ugmde o ‘ i

LABORATOIRE &
e AL g PR h o ~ A
conditions expected:
LHC startup 2009 6x1033 cm2s?t 7-8 TeV : . .
Corresponding num. of inelastic

Phase- 0 2014 1x10%* cm?s? 13 TeV pp collisions per beam-crossing
Phase- 1 2018 2x10% cm?s? 13:14TeV. (25 ns) will increase : 25 -> 200

2023 7,5x1034 cm2s1 14 TeV
New Tracking detectors must fulfill the conditions: @
« Fast (40MHZz), high granularity & good pattern recognition capabilities (103 tracks/25 ns).

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 5



Kt‘ﬁ Motivation for ATLLAS Inner De.te.ctor upgrade <

LABOR OIRE -
DE L'ACCELERATEUR )v e
Lyh N E ASIPRVE " »

°

">
Ny

\,:

ATLAS Inner Tracker Fluences at the HL-LHC . . 1: . .
B : — i @=oom Aim is 3-4k fb* integrated luminosity
% g ¢ MEET T - ........................ == 2:::;‘:(‘1 pion || 107
= —protonE E
e Cshortsips_jongsips | A ID (Inner Detector) has limited lifetime:
g ] Expected:
L P =) 1.7 GRad
= F | 1.6:10%6 n, cm‘2

PO 1] S - ' e e —
oE o 0 4io 60 80 '15)0' =x DCSIgned \ estimated to
Radius from beamline [cm] 1014 n eq Cm Correspond to

Radiation Effects: 400 fb1

« Creation of lattice defects (loss in the charge collection due to charge capture).
» Change of depletion voltage (due to type inversion).
* Rise of leakage current (additional energy levels are being formed in the band gap region)

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 6



ZAZ Motivation for ATLAS Inner. Detector u

-

" 4

P gl:adz

\4'

The new All Silicon Inner Tracker (ITk), ~ 10 years operational, Strips and Pixels

o

Layout for the Phase-II Inner Tracker (Apr 2017)

T 1 T
1400 —ATLAS Simulatlon

- ITk Inclined
1200— -

R [mm]

1000 =

800 L

600 =

400
200 ¢j .

,! N

!_, -

i ]l_ l—flfl
l

=
u
by
o
RN

0 =500 1000 1500
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Silicon Area Channels [109]
Pixel ~13 m? 580
Strip 160 m? 50

The target acceptance has been extended to

+ 4 units of pseudorapidity

Pixel system extending to roughly twice the

radius and four times the length

Reduced material budget before calorimeters
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LABO A OIRE
DE L'ACCELERATEUR
Lyl N (E "AMINRSE
. . N-Type
Hybrid planar pixel detector: R
: ‘-f s L)‘E‘;.;EDL“&'“’
'. ._ . ecinons

Front-End readout

To operate, the semiconductor (silicon) must be depleted:

Full charge collection only for

(Vbias > Vdep)
reverse biased pn-junction

5/29/2018

Pnospnarus SI '.

added as '
Imnpurlty '_ r
P-Type
. -ﬂccaplu
K cmaalasa
6 S| ® toe

.

Boron ." . I'.

added as ’ Sl ,'

impurity " =
-

Depletion
region

p-type

n-type

Pheniics Fest, Hadronic and Particle Physics

Energy

Workm rinciple of 13(2%1:‘,1 ectors &
g principle et s SR

Intrinsic n-type p-type
Conduction Band Conduction Band Conduction Band
‘e 0 00 0 0 o
electrons onoi Lavel Acceptor Level
o o 0 0 0 0 0
© 00 9 0 00
Valence Band Valence Band ValenceBand

holes




ZAZ Alternatives for P

their fast charge collection : n-in-n and n-in-p.

Guard ring structure (n+)

Pixels (n+)

n-in-n Type inversion effect

_ 5000F 310°
2 1000 [
@ 500F type inversion ' - =600 V ‘5102 'E
o | ' { O
® L H 1 -
" — = 1(5)8?- 10"c Jlt 2
Guard ring structure (n+) Backside (p+) Backside (p+) g i ] —
Collect electrons (3 x fast 5 o s
oL O0llecCt electrons X 1aster O [ n-type "p - type" ] ”
eCollect electrons (3 x faster = IR i 5
than holes) antoles) = T e
. eNo e inversion 1 cm g
eGuard rings are not on front- . \ép ted tiall Q !
. eLan pe operate artia . .
end side P P y The change of the effective doping

depleted

eSingle —sided processing
eGuard rings are on front-end
side

Pheniics Fest, Hadronic and Particle Physics 9

eDouble-sided processing concentration due to irradiation
eType inversion of the n-doped

silicon bulk
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Mt Alterﬁatlves for Pl&nar plxcxl te,cllnology &
e

e..'Design parametérs.to improve: ,

Sensors ¢ the radiation resistance, reducing of non active area (efficiency), thinning,
production cost

Electronics : processing speed (dead time), signal-to-noise ratio, reducing of power
consumption (cooling), price

A
Achievements of the Phase O (Insertable
B-layer) IBL Upgrade: New Front-End readout chip, designed 1
for the Phase 0 v §
] RD53 A |
Pixel size 50x400um? 50x250um? 50x50um? 25x100um? .
Pixel matrix ~ 18x160 80x336 *x
. . |CUEEITE ward rings !hiah voltage pad
Chip size 7,6x10,8 mm2  20,0x18,6mm?  ~20x20 mm? ledge B B !
Technology 250 nm 130 nm 65 nm i ‘ H
Active part 74% 89% more ! 1100 - e
Analog current 16 uA/pixel 10 uA/pixel less i '
Digital current 10 uA/pixel 10 uA/pixel Less . ‘ :
Data rate 40 Mbs 160 Mb/s 2 Ghls !

= 200um | edge pixel

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 10



» . N . ~
Planar pixel s nsorﬁ@%,' s
- o~ - ‘Qf ; . . -
amples to study: FE-I4 compatible thin n-in -p p(anar pixel sensors with the active and
slim edge design produced by ADVACAM.
« Radiation hard (no type inversion, thin);
» Single side processing;
* Thickness : 50 um, 100um, 150um;

<

-~
-~

Wz

Goal:

U Study the overall and
edge hit efficiency with
normal and inclined

« Maximized active area (Deep Reactive lon Etching (DRIE)); tracks before and after
It is particularly interesting for the innermost layers where it is irradiation;
important to reduce geometrical inefficiencies.
Slim edge

Active edge

um

5/29/2018 Pheniics Fest, Hadronic and Particle Physics

Punch-through structure
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Tests and characterization

Module characterization at test beam facilities
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f A
OEATOIRE WS
N EA R E  Test Beam telescope setup: / . D

Test beam characterization

Readout VME-Crate

— both for Tel and DU
;\\\Telescopes ( [ "

oL
IR
1 k0
| |l _
Telescopes : I
Qoling Box % Gbit ETH

*Sensors

EUDET telescope
ACONITE (H6A) :

L3 L3

+*Readout Boards a SCIHtIllatOl'
*EUDAQ Sy - EUDAQ PC

“TLU O UsB & ETH

-Mechanics Trigger Logic Unit |

Secondary PC

Mimosa26 sensors (1152 x 576 ) with a pixel pitch of 18.4 um,
50um thick; —_—
Spatial resolution up to 2 um; Beam
Pixel read-out systems fully integrated into EUDAQ software
framework;

Multiple DAQ systems for lab tunings and measurements: USBPIx,
RCE, etc

Telescope planes

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 13



Mt Test beam characterlza‘gog resultg

LABORATOIRE
DE ' CE ERATEUR
L I N E A Il R E r -~ '
: Number of Matched Tracks
o i ici . Efficiency = :
Hit efficiency calculated as : Numtber of Total Tracks
- Efficlancy Map DUT 24 Efitoncy Map DUT 24 Non dirradiated and Irradiated,
g 0 ‘ . 1e15 ng/cm 2 ADVACAM sensors
= = 300
.g 250 i_ 94’ 7 3+0’ 24 A) 2o 97’ 2 110’ 05% Efficiency Pixel Map DUT 24 Geometry O
4 200F— - 200
qCI_) 150 50V - g = 150 50V
% 100 - = 100
.
o =
> Long Side [im]
O Efficiency Pixel Map DUT 24 Geometry O
Efficiency Pixel Map DUT 24 Geometry 0
3§
c 2
Q Gl A
-g Efficiency Pixel Map DUT 24 Geometry O
=
)
E 220 40 20 40 60 80 100 120 140 160 180 Zggg g?ge [? o
.E Long Sid m]
=
£ Fo TP
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LABORATOIRE
DE L'ACCELERATEUR
Lyl N E. A% RaF

L Test beam characterlzat-mn result,(

R4 o~

\"

* Efficiency vs bias voltage: 1e15 n,,/cm?, tilted (45°and 27°)

=Y
(=
o

Average Efficiency

0,95 [
0,90 -
0,85 [

0,80 F

0,75 -

0,70 b

n = .
u | | | L
| |
= ] L]
[ ]
B  ADV-50-3-1A (right edge), 1x10" neq/cmz, Oct 2017 CERN TB
B ADV-50-3-1A (left edge), 1x10" n_/cm’, Oct 2017 CERN TB
®  ADV-50-3-1A, 1x10” n_ /cmz 27°, Jul 2017 CERN TB
m  ADV-50-3-1A, 1x10” n_/cm’, 45°, Oct 2017 CERN TB

50 60 70 80 90 100 110 120
Reverse Bias Voltage [V]

At a tilted angle of 45°, the efficiency performance improved, reaching 95% at 80V bias voltage. The

performance is very similar to the performance at 27° case (but with dry ice cooling).

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 15



ABORATOIRE

L Test beam charactenza}tg_on resultg’

N E AL EaE . \,'

Efficiency performance for the active edge (150 um’) and slim edge (100 um) after
irradiation 2x10** n_,/cm? at different bias voltages.

. . . Comparison of the Global efficiency vs bias
- In-pixel efficiency maps > . . i
. voltage for active and slim edge designs
g 1,0
2
& o9 F "
0.9
Efficiency Pixel Map DUT 22 Geometry O Efficiency Pixel Map DUT 22 Geometry 0 o= Y  E— — L
- 5 €3]
i o Sos B / ./
w i - /
:E 2 . yd /
b 0,7 F
ol = C ./ u
10E L
E L
5 0.6 F
gy P g U 22 Gncety WE
0.4 :—
r u
03 F —®— ADV-150-6-1A, (active edge), 2x10"'n_/em’
02 £ m— ADV-100-7-2A,(slim cdgc).2){]0'5nm/cm2
| | BT | | AT | | I [
50 75 100 125 150 175 200
Reverse Bias Voltage
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Mt Test beam characterlza‘gog resultg

hDh

E %
Eff|C|ency performance for the active edge (150 um) and sI|m edge (100 um)

1,0 1
2 1,0 4 ] !
g . 1
E GLJ ) 1 1
£ 0.8+ - 1 |
H og] © ] 3] | |
] o) © | |
0 06 ] O | 1
0,6 B ] o ! s
i n —> B 1 |
g ] N | |
) 0,4 c | I i
04l Last pixel | 8 ; | Last pixel
1 I I
column ] ! column
] 0,2 ]
02 (250 um) ] i (250 um)
; ] ! I o« ADV-NP100-7-2A irrad 2x10"
= ADV-NP150-6-1A irad 2x10" 1 ! I = ADV-NP100-7-2A non-irrad
] = ADV-NP150-6-1A non-irrad 0,0 —1
0,0 T T T T 150 -100 -50 ' o Sll 100 150 200 250 300

-150  -100 -50 0 50 100 150 200 250 300
Distance from Pixel Edge (um)
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Tests and characterization

Characterization in clean room

Infrared laser test bench setup
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LABORATOIRE
DE L'ACCELERATEUR
LI N E A I R E

Purpose : To have a compact set -up to characterize silicon pixel modules and test

Laser test bench setu‘g

their functionality in clean room before beam tests.
U charge collection efficiency (before and after irradiation, for the edges, scanning along
an individual pixel);
U charge sharing between adjacent pixels;
U performance with inclined tracks;

Our goals for this development:

» to have a setup based on infrared laser to mimic a MIP like charge generation;

» to have a possibility for micrometric positioning of the DUT in X-Y direction (so the interaction point
determination without reconstruction);

» to be able to rotate a DUT to perform studies with inclined tracks;

* to adapt to new quad sensors and RD53-A readout electronics;

* have high rates (kHz), for high statistics in measurements;

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 19



LABORATOIRE

DE L'ACCELERATEUR » ~ ,
Ed

L1 N /'R E 4 cope

g

O/E
converter

sJ91|ddns Jamod
pu3-luoi4 s|NpoAN

\ o
A

KTrigger signal

_— .
T /" 'l Function
STRLY i G (e =il generator
9 o A sW-BE - — |
=) e 42 ni T =

S Bias HV for the

module
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Laser test bench

LABORATOIRE
DE L'ACCELERATEUR
Lagilh N 'E AN S RaH

LabVIEW software for the laser
test bench controlling and
parameters readout

DUT support with
rotating stage

Set Keithley Parametrs Lyl of Current: [/ =#e- -4,903u8

KEITHLEY MODEL 2410

Waveform

TEKTRONIX TDS 20248

{ | status

X-Y Table

Physik Instrumente C-843 Status
50 \
10 50 60 Position Axis on target?
petnD ’\;;: :wem W 3 M 28,130000 28] ves: Detect position  Fast
100 v [=] a0 [40,520000 1 ves
Curtent Limit;  Delaytime[sec] %
50 uA [«] 05 [ ¥ { Absolute motion mode
o 100 r Enable/Disable
Polarity V-Source Value [V] Operate

e © s o (]

Tektronix AFG3252 ’ Check: ] TEKTRONIX AFG3252

263 33 3E3  4E3 4E3

X coord [mm]
T

Relative motion mode with respect to offset point

¥ coord [mm]

Go!

manual input

A} Enable/Disable
et SRS Xshiftfum]  Vshiftfum] ~ Go! Relative mode
ime s . &
Channel Frequency j 50,00 j 50,00
e ’,)1 kHz [« ] HORIZONTAL VERTICAL
|« > Wavef Offset point is : (47,950 40,870) [mm
SQUARE Impedance Amplitude[v]  Ampl Limit [V] S oW i;’" " 20m S0V 100my P : Hllnim
PULSE 50 Ohm [ gl V=] sl 10my 13,13
——— Polarity Channel ®
Width [..sec] Delay [usec] N r — S | E—
1 f2f|n =] ju CHL [~ e 0 50
) o 100- Pasition
40,92
Dpevaleli‘ J [auToser] 2m! / 2V Magnify N Control
50,01 T El
Agilent E3631A HEWLETT-PACKARD E3631A - Stop Table
: Rohde&Schwarz Check HAMEG, HMP4040 0- Stor
?Hl Current Limit [A] CHl Voltage [0-6¥]  Read :Jurrent CHI Current [A] | HMP4040 5
glo2s0 42 < 019387 PRESET 229 Digita! Operate
CH2 CHL
CH2 Current Limit [A]  CH2Voltage [0-25V]  Operate  CH2 Current [A] b ol 0 & TIMER
1)0’550 )1 ’) E 0,46478
Channel Voltage (00) Current (0.0) Operate 0,832038
g Channel1 | Fjl0.000 740,000




4‘4 Laser test bylmch S'Et@ . P

Openings on a back side

Laser

Row
(=]
}.

£ | Occup 0 0 MA K
- |Entries 53760 . (\’b
C [Meanx  37.77 \)
© |Meany 1923 \\(Q
F|RMSx 2882

100: |RMSy  56.78 Q\

- 2407 200%
f 220F

- TOT ’bﬁA s00  Lvil
& 180} N :
160 Q>\® 300 |
140? QK T N N N A N N N
1200 0 10 20 30 40 50 60 79
100;— clumn
80
ig; Hit map with the visible laser spot.
20,

EH.‘.‘H PPN P R B B S
0O 2 4 6 8 10 12 14 00 2

F o,

Pl i BRI RN |

i Ll
6 8 10 12 14

4
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Tests and characterization

Characterization in clean room

Sensor characterization with a probe station
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I'Tk Demonstrator project v

r\Ur\

e N E. A%

rraccierarcor - The key goal is the demonstration of the system aspect of the complete

and functional ITK pixel barrel stave.

This is the element
which we propose to
build as “Stave-0”

Build and test large scale, realistic prototype

Objectives:
* Validate local support concept
* \Validate integration and electrical services

* Validate procedure for loading and survey
Module Cells are built with quad M4 (flat) and double- Study thermal performance

chip M2 (inclined)

Mockup heaters (minimum 48xM4 & 109xM2)
- Silicon heaters with embedded thermal sensors for thermal and thermo-mechanical testing
- Flexes to power the heaters & read the thermal sensors (similar to the actual electrical)

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 24




Vo4 4 ITk Demonstrator project

ORATOIRE  Thermal sensor characterizationas a functlon oﬁmpﬁrature
Rk

Histogram of Resistance at 20°C
(28 samples from the batchl)

Average = 3,797kOhm
RMS = 0,043kOhm

(excl. outliers)

Count

——— T
3,65 3,70 3,75 3,80 3,85 3,90 3,95 4,00 4,05 4,10 4,15 4,20 425 4,30
R(kOhm)

HV

3760

3750

3740

3730

3720

3710

3700

3690

3680

3670

R =Ry [1+ T - Tiep)]
o = Temperature coefficient of resistance for the
conductor material.

: : ! : ! : : : : !
-10 o 10 20 30 a0 50
Temperature
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ZNL Heaters measurements ‘ ~

?Iﬁz%gflfR?TguiR }v \ ® o 7
/ ~'e

Semi -automatic probe station

allows performing of IV and CV

measurements.

« Cooling (-10°950°C)

« Allows measuring of the big

wafers up to 30 cm in diameter

Heater samples for the /

Demonstrator project

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 26



Heaters assembly -

Gluing setup with 2 flex jigs + 2 sensors bridges
5/29/2018

Pheniics Fest, Hadronic and Particle Physics
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Nl Heater assembly -, <

’ 7‘0- - I'

/ -
i ra

Wire-bonding

t Sacl
at Saclay Gluing —>

1Ir eIl

AANE LY,
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R cross-checked
with 3 different
instruments;

T cross-checked
with PT100
attached to sensor

put inside the

- climate chamber
climate chamber Keithley modules PT100 e 4 cables =.>
2410

calibrate 4 modules
in parallel

5/29/2018 Pheniics Fest, Hadronic and Particle Physics 29
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e

Assémbly &tpgnsp@t@b@: .. “A

Pheniics Fest, Hadronic and Particle Physics

-~

- 20 thermal modules were
successfully glued wire-bonded and
tested.

- Have been weighted before/after
gluing as requested;

- Cleaned in ultrasonic bath in
isopropanol at 50°C and 12h 120°C in
the oven;

30



;'Jot Integration on the long thermal demonstrator «
i EIL ’QC%E%’R?’IEUE - e . » /
’ e
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* In view of the fact that in the framework of HL-LHC project it is planned to increase the integrated
luminosity by a factor of 10, we will face the problem of extremely high pile-up and radiation-harsh
environment. Therefore we have to build new tracker (ITk) that is expected to perform at least as

well as the current one (and often better) despite the much harsher conditions.

 The various designs of sensor candidates for the ITk upgrade have been tested at test beam. The

efficiency performance has been estimated.

* A new setup for laser tests in a clean room has been developed in a preliminary form. The system

was adjusted, and first results were obtained, but the laser test system has to be improved.

* Demonstrator project is an important step towards building of the ITk. Considering a short timeline of

the project we have to do an intensive work on thermal tests with heater modules.

Thank you for your attention!
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Results
Comparison of the performance of active and slim edge

design sensors:

U 50 um —thick sensors:

* Before irradiation active edge shows efficiency of 97,2% while slim edge has 94,7% (50V);

* At lel5 n,/cm’ the efficiency of active edge is 86-89%, while slim edge is 79-84% at 120V.

U 100 um slim edge sensor :

» Before irradiation provides 96,8% of hit efficiency (50V);

* Afterirradiation at 2e15 n,,/cm? the efficiency can recover 89.5% at 180V;
U 150 um active edge sensor:

» Before irradiation provides 97,8% of hit efficiency (50V);

* Afterirradiation at 2e15 n,/cm?the efficiency can recover 93.6% at 200V,

Both designs had an issue during TB with the achievement of high voltage (breakdown
starts and sensor becomes noisy)
5/29/2018 Dmytro Hohov - Trento 34
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77V Test beam characterization &
/E\,ﬁg%%ﬁ/f’r'??"{g@g ™ O W i’ 3
Our Goal :|°® [Investigate the performance of the n-in-p planar pixel sensors with the active
and slim edge design produced by ADVACAM before and after irradiation;
e Study the overall and edge efficiency with normal and inclined tracks.
- Hardware * Normal incidence

A Telescope at CERN

A 120 GeV pion beam

— Bias voltage points: 50V, 80V, 100
V,120V

— Cooling box (-40°C to -44°C)

- Software — Dry ice cooling (approx. -40 to -50
* Reconstruction: EUTelescope (Data °C*)
conversion, Cluster finding, Hitmaker, e Inclined tracks
Alignment, Track fitting) — DUT tilted at 45° (around y-axis)

* Analysis: TBmon2 (Efficiency, charge sharing,

residuals, ToT, etc)
5/29/2018

* Only indirect temperature measurements available
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Goals

U Efficiency for 50um-thick ADVACAM samples with active edge and slim edge design
- with and without irradiation 1x10* n . /cm?;

- ondifferent side edges;
- with normal and inclined incident (DUT tilted at 30°, 45° (around y-axis));

U Efficiency for 100um-thick ADVACAM sample with slim edge design before and after irradiation
2x10%° n.,/cm?;

U Efficiency for 150um-thick ADVACAM sample with active edge design before and after irradiation
2x10%° n . /cm?;

Beam: CERN SPS 120 GeV pions, DESY 4 GeV electrons; Bias voltage points:
Telescopes: DURANTA (TB22) , ACONITE (H6A) and AIDA (H6B); from 50 V to 120V {for 50um);
Cooling: Cooling box (-40°C to -44°C), Dry ice cooling (approx. -40 to -50 °C); from 50V to 200V (100um,150um)

North Area
Test Beam Facilities

Converter

EH

. Target o s
drws Dipole Magnet ‘ ) x
Y " Dipo 24 Y |
Target \\\ : 2 - ||\_;: 10 K12 Yen

EHN2 ECN3

SPS beam COMPASS

e.(ev&) \A\\
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tzlt Test beam characterlzauon resultg'

LABORATOIRE
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- Efficiency vs track impact  position
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ZAé Test beam char terrz t-l resuh‘

: Eff|C|ency vs track impact p03|t|on |
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