A powerful tracking detector for cosmic rays:
the magnetic spectrometer of the PAMELA
satellite experiment
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The WiZard - PAMELA experiment
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The PAMELA detector

MAIN SUBDETECTORS

Magnetic
- TOF TRD Spectrometer

- TRD
*  Magnetic Spectrometer
* Calorimeter

Neutron Detector

Flight forseen for the first half of 2003

RESURS DK1 =
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Electromagnetic Neutron
Calorimeter Detector
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The PAMELA Magnetic Spectrometer

* Magnetic System

- It produces an intense magnetic field where charged particles
follow curved trajectories

/ * Tracking System
- It allows to determine six points in the high field region to
reconstruct the particle trajectory — measurement of the
momentum and the charge sign

l +  Charge sign (e*/e) (p/p)

1 { ? ¥ - If B uniform and
4 ¢ perpendicular to p,

® E then
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A glossary of magnetic spectrometers

Momentum p = qBr (r=radius of curvature)
Rigidity R =p/q=Br
Deflection n=1/R = q/p

AR/R = An/n = R'‘An (An = constant « position's measurement error)
L(> spatial resolution

Maximum Detectable Rigidity (MDR) : (AR) — 1— MDR = e
R=MDR An
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The PAMELA Magnetic Spectrometer

The “Magnetic Tower"

5 magnetic modules

permanent magnet assembled in
an aluminum mechanics

- Nd-Fe-B alloy

magnetic cavity sizes:
- (132 x 162)mm? x 445 mm

field inside the cavity:
- 0.48 T at the center

places for detector planes and
electronics boards lodging

Base Plate
profotype

Geometric Factor: 20.5 cm2sr
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The PAMELA Magnetic Spectrometer

Permanent magnet elements

- 5 magnetic modules

- permanent magnet assembled in
an aluminum mechanics

- Nd-Fe-B alloy

*  magnetic cavity sizes:
- (132 x 162)mm? x 445 mm

- field inside the cavity:
- 0.48 T at the center

 places for detector planes and
electronics boards lodging

- Geometric Factor: 20.5 cmésr Aluminum
frame
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The PAMELA Magnetic Spectrometer

Geometry of a magnetic block
- 5 magnetic modules 0= 39.17 deg
=50.83 de
- permanent magnet assembled in g - .
an aluminum mechanics N\ ' e
- Nd-Fe-B alloy B/ e i
* magnetic cavity sizes: * 28
- (132 x 162)mm? x 445 mm ' B ' :
- field inside the cavity: b . & '
- 0.48 T at the center ki s |
- places for detector planes and ——l6imm
electronics boards lodging . 240 mm
+  Geometric Factor: 20.5 cm?sr
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The PAMELA Magnetic System

Main field component along the cavity axis

Magnetic field measurement

PAMELA field along the Z axis
0.6 — .
i Average field = 0,43 T
* Gaussmeter F.W. Bell provided os [ | §
with 3-axis probe mounted on a - s |
motorized positioning device il N
(0.1mm precision) T r |
E |
* Measurement of the three| || zosr
components in 67367 points| || | !
5mm apart from each other 02 [ -
- Average field along the central -

axis of the magnetic cavity: 1 oty (450 ;
0.43 T : E/, Magnetic Sdvl mm “\“E
g P IR Y R NSO T O N SO A O N SN NS BT

. Good unifor‘mify ! 250 =200 =150 =100 5; (:’]m)SO 100 150 200 250

Siena - 24 October 2002 8" Topical Seminar on Innovative Particle and Radiation Detectors




The PAMELA Magnetic System

Maganetic field measurement Main field component for 2=0 (I)

* Gaussmeter F.W. Bell provided

with 3-axis probe mounted ona| ||z *~
motorized positioning device | || & "
(0.1mm precision) = oss
- Measurement of the three -
components in 67367 points 04
5mm apart from each other 035 |
- Average field along the central |

axis of the magnetic cavity:
043 T

*  6ood uniformity !
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The PAMELA Magnetic System

Main field component for z=0 (II)

Magnetic field measurement:

0.54

Gaussmeter F.W. Bell provided

with 3-axis probe mounted on a

motorized positioning device

(0.1mm precision) 03
g o

Measurement of the three| ||*>

components in 67367 points

5mm apart from each other

Average field along the central I

axis of the magnetic cavity:

0.43 T — 0.44

Good unifor.mi-ry ! 006 004 002 X{{;ﬁ) 002 004 006
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The PAMELA Tracking System

Tihe! TRACKER The detector planes
Front-end .
Double sided electronics ~ ouble sided
6 detector planes Silicon sensor (VAL chips) hybrid

Ladder
each plane: composed of 3

“ladders” Az ‘

the “ladder”: 2 microstrip silicon
sensors + 1 hybrid circuit with
front-end electronics (VA1 chip)

silicon sensors: double sided;
double metalization; integrated
decoupling capacitance

- resolutions: oy ~3um,o, ~13um

- MDR > 740 (6V/¢c)
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The PAMELA Tracking System

The “ladder”
-rifl'/ TRA \/Jl/‘,:j;)a
Junction Side (X) Ohmic Side (Y)
53.3 mm 53.3 mm

* 6 detector planes YOI

g 25 um impl. pitch E 11 ' . ' T 67 um pitch

i < 50 um readout pitch g I 1..-l ni+ impl. strips
v Slacdhd p'[ane e Composed of 3 : P+ implanted strips h T ) ] . ' il p+ blocking stip
aadaers L] s
II: \ ‘I': ‘II': ‘.:| ": wire bonds ‘I.; \I: \.I: IIII,' ‘II:

* the “ladder”: 2 microstrip silicon (] LTTTTTT
sensors + 1 hybrid circuit with T o
front-end electronics (VA1 chip) E g e .

- silicon sensors: double sided; || || | | BEAAS

= n i IRRRERRRE AR ERRERRR
double metalization; integrated T wie bonds munnnnnnn:
decoupl ing CGPGC“'OHCC o 8 VAL chips 8 VAL chips

-  presolutions: Ox ~3um, Oy~ 13um s Hybrid 2 Hybrid

o MDR > 740 (Gv,c) B x 128 = 1024 channels B x 128 = 1024 channels
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The PAMELA Tracking System

J—‘ A |/r‘1|‘)
NV \/JJ_)J\J

Tihe

The silicon sensor

6 detector planes

each plane: composed of 3

“ladders”

the “ladder”: 2 microstrip silicon
sensors + 1 hybrid circuit with
front-end electronics (VA1 chip)

double sided;
intfegrated

silicon sensors:
double metalization;
decoupling capacitance

resolutions: o, ~3um,o, ~13um

MDR > 740 (6V/c)

SO0pm
251
‘-‘ ‘m . .
| junction side
|Si0,
i 4 A 4 A 4
pt pt +
EI
[Si0,

ohmic side

|
, I SiO;

6?}1m

— Integrated capacitance
——Implanted strips

n-type bulk

— Implanted strips

— Integrated capacitance
= First metal layer
Insulating layer
— Second metal layer
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The first detector plane
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The test plane electronics lodging on the magnetic system
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The magnetic spectrometer during the last beam test at CERN (July 2002)
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FINAL LADDERS

FINAL ELECTRONICS
SMALLER MAGNETIC SYSTEM

July 2000: CERN SPS

Spatial resolution
(July 2000 beam test with 5 ladder prototype MS)
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July 2000

- FINAL LADDERS
- FINAL ELECTRONICS
- SMALLER MAGNETIC SYSTEM

CERN SPS
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July 2000: CERN SPS

FINAL LADDERS
Ap/p versus p
FINAL ELECTRONICS
o, 018
SMALLER MAGNETIC SYSTEM )
0.16
0.14
0.12
0.1
o MDR = (742 £38)GV | ¢
0'0630 40 50 60 70 I80 90 100 110
py (GeVic)
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2002: production of flight model detector planes

Performances obtained with cosmic rays in Firenze : s/n for MIP
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July 2002: CERN SPS
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July 2002: CERN SPS

During the last tfest (July

s/n

Q

Signal/Noise

26

s/n~52

2002) the spectrometer flight
model has been tested +to
determine the performances uor

fEntries

Entries

1000

Entries

Entries

Entries

1000

Fniries

1000 |-

Entries EITIER I L I T TF T
Mean 23.86 -; Mean 47.55
1]
. 500
} 4]
50 100 150 0 50 100 150
Signai/Noise Signal/Noise
Entrics ] 2 Entrics EERETS
Mean 2595 | = " Mean 51,62
=500
0 \\—\
S0 [{EY) 1500 o S0 o0 150
SignaliNoise SignaliNoise
Eniries sl ] £ Emries 34540
Mean M o= Mean 48.27
5]
500 — -
= 0 T
Sl 100 1500 100 150
Signal/Noise Nignalt/Noise
Entries 3w0s | 2 Entries H553
Mean 20668 = Mean 56.44
& 500 =
i _r}.(;
alr 1 L50 i Al ¥ 150
Signal/Noise Signal/Noise
Enirica EXTEEN Emrica 36751
Mean 26.68 | = \.‘ Mean 52.01
- 00
/ )
S 100 150 o S0 o 150
Signal/Naise SignaliNoise

Errries ETES I Enteies 15263
Mean RLETH - Mean 3763
SO0 |-
o rtamyprd
50 100 150 50 100 150

Siena - 24 October 2002

8" Topical Seminar on Innovative Particle and Radiation Detectors




July 2002: CERN SPS

: 300 6eV/c Electron event
During the last tfest (July : -
2002) the spectrometer flight non bending view bending view
model has been tested +to _ 5 W
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CONCLUSIONS

The PAMELA magnetic spectrometer is now ready for the final
assembly phase

The ftracking capabilities have been accurately studied in
several beam tests at CERN PS and SPS since 1998

- (s/n),~ 52, (s/n),~ 26 for MIP
- spatial resolution : o, ~3um , o, ~13um

- MDR > 740 (6V/c)

The whole detector will be assembled starting from next week
in the laboratory of Roma Tor Vergata
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