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2.1 Overview: Experimental Methods
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Momentum Measument in Magnetic Fields

_ centripetal force Lorentz force Useful pocket formula:
...... W\ D M2 \< pinGeV,q=1ze
& 2. _y-m- o
r """" F F_ 8 _q v B p=013'Z'B'r

7N

= pPp=yY-Mm-v=(Q- B-r B field in Tesla  Deflection radius in m

1 minal Teslafield deflects a 1 GeV particle by 17°

Fixed Target: Collider:
Typical resolution:
5 A %
1 Multiple scattering zg;iﬁ?gr‘rt])érll? (tJ?(tehe
B parallel to beam axis (dominant at deflont! |
— Measurement of p- low p1) eflection angle

(dominant at large py)
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Particle Identification via dE/dx (I)

Bethe-Bloch formula:

O\ 2 L (1 [ BT, ] . 8
dx A B\ 2 |2 2

xin glcm?  K=4zN,r’mc*=0,307 MeVg~cm®
m,: Masse des Elektrons
r, . klassischer Elektronenradius = 2,82 fm
N , :Avogadro-Zahl

B:  Geschwindigkeit des Teilchens (y=1/W)

z:  Ladung des einfallenden Teilchens

Z: Ladungszahl des Mediums

A: Massenzahl des Mediums

T ... Maximale in einem Stof? auf ein Elektron tUbertragbare Energie
T . = A0S 177 m :Masse des einfallenden Teilchens

2
m m
142y =+ —=
)
| :  Mittlere Anregungsenergie des Mediums

6. Dichte-Korrektur (transversale Ausdehnung des e.m. Feldes)
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Particle Identification via dE/dx (Il)

III T lIlllllI T llllllll T llllllll T 1T 117

= x =thickness in g/cm?
= distance z - density p,

= dE/dx fall-off; ~ 1/82

— &F UL It i.e.dE/dz = p - dE/dx

N: L.E 19 qui 5

< F IE = Minimum at By=3-4,i.e,,

o 4 I atB=0,96c

é N 7 ,minimum ionizing particles”
% ] (Mips)

)

T

dE fl F L] = Rise at relativistic energies
n -

dx l l l Il 'B ¢+ Dueto increase of the transverse
T B T —re— component of the E field with
0.1 1.0 IOBYZ p/MISO 1000 10000 Lorentz y

_u_LLuuLx_a_:_LuuLa_n_LLu.u.l_:_u_uan_a_um.l ¢ Rise for solids less Strong than for
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proton/pion separation up to p = 1.1 GeV/c
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Time of Flight

~ PHENIX High Resolution TOF Mass from p and ToF t:
Au+Au\['s,,, = 130 A GeV o
6 § T ——, B=—
,B C-

K' 16

/ Non-relativistic:
\‘ 10 £= 1 _ 1 ct

1/Momentum [(GeV/c)'1]
=Y

2 ] p mB ms
-4 K P i
" L —51 Relativistic:
: 2
_8IIII|\\II|\III‘IIII‘III\|III\|II\I|II\I|\\II|I\II _ 1 1 Ct
10 15 20 25 30 35 40 45 50 55 60 —=— |l —1 -1
f Time of Flight [ns] p m S
Distance to TOF detector ~5m o
(c =30 cm/ns) Relativity works:
the curves are not straight lines
in this plot
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Cerenkov Radiation

. . . Durchquert ein geladenes Teilchen
Radiator-Material (z.B. Plexiglas . : : :
( glas) mit v > c/n (= Lichtgeschw. im Medium)
ein Medium, dann bildet das Licht der
geladenes angeregten Atome eine Wellenfront
Teilchen unter festem Winkel 0 zur Teilchenbahn
v=[-C
C/ -1
’ 1
cosf=<4N =
B-c-t B-n
Anzahl abgestrahlter Photonen pro Abgestrahlte Photonen tberwiegend
Wegstrecke und Wellenlangenintervall: im blauen Frequenzbereich:
d’N 277’ 1 dN N 1

1-—

dxda A’ gz ) =)

dA dxdA A2
Bsp.: Teilchen (z=1) mit B=1in Wasser (n = 1,33):

dE /dx = 400 eV/em _ klein gegentber

gesamtem E-Verlust! y)
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Calorimeters

Primary Y

elektromagnetischer
Schauer:

¥ Energie E

Anzahl Schauer-
teilchen:

|\ltot < E

2 Typen:

= Homogene Kalorimeter
(z.B. Bleiglas)

= Sampling-Kalorimeter
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Szintillator

Absorber /

—~Wellenlangen-
schieber

Sampling-Kalorimeter

Energieauflosung:
(o8 N 1 1

~ —

= = o —

E N tot N tot \/E

Gute homogene Kalorimeter erreichen
O 6%

=

E JE/GeV






ALICE Collaboration

. Spain/Cuba
Romania

South Africa

Brazil

—— Countries member of the Hungary
" ALICE Collaboration (04/2008)

olan \Finland
> 1000 Members "Norway /S )

lovak Rep: penmark
~ 100 Institutes

Czech Rep.

~ 30 Countries
150 MCHF
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p+p collision in ALICE (simulation)
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Pseudorapidity Coverage

ALICE Detectors
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Particle Identification in ALICE

1PC + TS T e e nnnengnnnnn
(dEdx) = L
CER UL

e K
TOF e —— K/p
[ - eln
vIr°
[E—
HMPID (RICH)
TRD
PHOS
MUON

1 L 1 L 1 \ l ]2
5\ 10

10
0 1 2 3 4 p (GeVic)

= ‘stable’ hadrons (&, K, p): 100 MeV <p <5 GeV (few 10 GeV)
- dE/dx in silicon (ITS) and gas (TPC) + time-of-flight (TOF) + Cherenkov (RICH)
= decay topologies (K%, K*, K-, A,$,D)
- Ks® and A decays below 10 GeV (secondary vertex reconstruction)
= |eptons (e, u), photons, n,n°
- electrons TRD: p > 1 GeV, muons: p >5 GeV, n° in PHOS: 1 <p < 80 GeV
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Invariant Mass
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2.2 Inner Tracking System (ITS)
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Inner Tracking System (ITS)

= 6 layers silicon

¢+ 2 pixel detectors (SPD)
¢ 2 drift detectors (SDD)
¢ 2 strip detector (SSD)

= Reconstruction of primary
vertex (o <100 um )

= Secondary vertex, e.g., for
heavy-quark measurements
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Inner Tracking System
~ 10 m? Si detectors, 6 layers
double sided Strips, Drift, Pixels
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ITS - Sliding the the SPD
.} c.a N ey % - ; ’;

SSD/SDD |l




2.3 Time Projection Chamber (TPC)
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ALICE TPC:
The world’s largest Time Projection Chamber

= Radius: 85cm —-247 cm central dectiode
= Length:2x2.5m ==

= ~90 m3gas:
Ne/CO, (90/10)

= Drift field: E =400 V/icm

= Drift length: 2 x 2.5 m

= Drift time: 88 ps (500 bins)
= MWPC readout

=  #channels: 560,000

=  Max. trigger rate: 200 Hz

= 180 space points/track:

(Cyy <500 um) Nominal B field: 0.5 T
— particle ID down to p; ~ 100 MeV/c
B fr:gkga"d'e up 15000 (cf. ATLAS: 2 T, CMS: 4 T)
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<v> =4 m/hour
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¢ TPCinstalled in ALICE, running continuously May-October 2008,
and since Aug 2009

+ 60 million events (cosmics, krypton, and laser) recorded

Ap/p,

107"

=

1072

resolution at 10 GeV:

measured 6.5%
design 4.5%

. performance at design, TPC ready for collisions
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TPC commissioning

¢ TPCinstalled in ALICE, running continuously May-October 2008,
and since Aug 2009

+ 60 million events (cosmics, krypton, and laser) recorded

particle identification via dE/dx

10°

resolution:
-\ ¢ Mmeasured <5%
\ design 5.5%

TPC dE/dx signal (a.u.)

-
o
N

IIIIII| 1 Il IIlIIl| 1 Il IIIIII| 1 Il Il

10 1
momentum p (GeV)

performance at design, TPC ready for collisions
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Electronic Noise and Drift Velocity

E —— All chambers
= ——— AllIROCs
8 10* = ——— All OROCs inner
= = ——— All OROCs outer
C -
LL 103!§—
107
= g
- |. o
10 ||ﬂ '
0 I
1
il l 11 I 1.1 I 11 I I I 1 l I II] |‘H‘|I"|IJ|
0 0.2 04 06 0.8 1 2

nonse [ADC channels]

average noise = 700 electrons
close to theoretical limit
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required drift velocity

uniformity: 0.3%eo

measured: 1%o, consistent with
AT = 0.3 K vertical variation

drift time map with laser

(before optimization of cooling)

x 100ns



Temperature homogeneity

® Requirement: 0 < 0.1 K

o 16 .
® Achieved by actively stabilizing 50 .0:3 N
cooling loops using information from % 14—
500 temperature sensors (36 inside -
12— -
gas volume). - c =99 mK
10 *
= Further improvements down to 80 8
mK in progress. E
6
4
2~
_llllllllllllllll lIlIIIllllllllllllll
7

g

175 18 185 19 195 20 205 21
temperature [°C]
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2.4 Transition Radiation Detector (TRD)
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Transition Radiation Detector

+ electron identification and trigger
¢ quarkonia —» e*e-
¢+ charm and beauty

> 540 chambers /18 supermodules

> total area: 694 m?
(3 tennis courts)

> gas volume: 25.8 m?
(Xe-CO,)

> resolution (ro): 400 pm

> read-out channels: 1.2x106
(30 million pixels)

> power dissipation: 70 kW

+ chamber production finished
¢ 7 supermodules in 2009
+ completion 2010

90% funded by Germany: GSI,
Univ. DA, HD,FRA,MS, FH Cologne, Worms
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Transition Radiation

<nTR>

15F

1.25

0.75

0.5

0.25

1.75F

T

4 B > 0

electron
muon
pion
kaon

T

CH,-He:d,=15¢,d

2

=600u, N=100

A1
A
fu

dw

é’.

':././F -

el

» Charged particles emit transition
radiation when cross boundaries of
media with different ¢

» Small probability
= many boundaries

» Here: Lorentz factor y> 1000
= only electrons emit TR
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TRD - Signal Generation

cathode pads electron
3 4 5 = e
a:,‘i)'i‘; ~a XY ‘amplificatior E 120~ O edE/dx+TR B
?P region ‘/‘\’ e dE/dx
cathode .7 \ ( I 100} t A 7 dE/dx
wires — (A i
T v
10 Drift 80
gn ' Chamber
m?i ‘ drift 60|
region
, ﬁx :
X? 20 }
- p=2 GeV/c
o a5 O &1 0 loms [ ‘ ‘
IR Fad numbe @ | 0 0.5 1 1.5 2 25 3
x| Radiator \\ go.om;— ¥ NN Method
] \ T 00121 4 LOXMethod :
eleélron E 001:_ ) ‘
E O
_ . o008~ A i .
Charged patrticles induce a signal in the detector - & :
: !
Only electrons produce transition radiation W f +
. . _ 0002} Y v
Electron ID, misidentified pions 1 % or less | ST SR R N SR T
0 1 2 3 4 5 6 7

Momentum (GeV/c)
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TRD - Signhal Processing

AN N
i PASA 0 i TRAP
o

e | o
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e 2 custom designed ASICS

- pre-amplifier/shaper (PASA)
- ADCl/tracklet-processor (TRAP):

contain 275k CPUs to process 65
MBytes of raw data

e tracking and trigger decision
within 6.5us

e selection of high momentum
electrons

e 70kW cooling power required



First supermodule assembly — Heidelberg

TRD

Chip modules with

cooling elements

Installation of 2"d layer

getting ready for transport to CERN,
shipped in Sep 2006
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2.5 Calorimeters and more
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Photon Spectrometer

~ 8 m? PbWO, crystals, r ~ 5m
18 k channels, 20X, APD R/O
high resolution & granularity

A s I

m Status: 3/5 constructed

¢ 1 module installed & commissioned

¢ 2 more modules to be constructed

¢ complete by 2010

o))

A E/E (%)
4]

i A Experimental data
® Simulated data

—— Fit to experiment

IIII|I]\[|IIII|\III|III\

| | 1 1 lIIIlII 1 1 IlIIll|




Electromagnetic Jet Calorimeter

e construction start April 2008

e approved & funded Dec 2008

e US, Italy, France, Finland

e approx. 20% to be installed by May
e complete early 2010

44 m? Pb-Scint sampling calo,
20 X,, 13k FEE APD R/O
In|<0.7 A¢ =110° r=4.4m




Forward Detectors

FMD (Forward Multiplicity Detector)

¢ 3planes Si-pad, -3.4<n<-1.7,
1.7<n<5.0

= TO
¢ 2-arrays 12 quartz Cherenkov counters

¢ 30psres.

+ Start for TOF detector
= VO
¢ 2 scintillator arrays, 32 tiles
¢ VOA:1.7<n<5.0,V0C: -3.7<n<-1.7
¢ Minimum bias trigger in p+p and A+A
ZDC (Zero Degree Calorimeter)

¢ 2-neutron, 2-proton calorimeters, 116m
from IP

PMD (Photon Multiplicity Detector)
¢ 23<n<35
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VOA detector:

wave length shifting fibers



Trigger and Data Acquisition

(¢

3
L
Y
&

-
2]

Bz 2 ~',‘3 > 4
i E—" 0 0900 ®
=— 2 : =

= Trigger: three level architecture LO, L1, L2

= Continuous online operation
from March to September 2008 (24/7):

- up to 500 (1200) MB/s transfer
- raw data rate of 2.5 PBytes / year

Data
Acquisition
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Claus Jorgensen

o CDF 1800 GeV
8 COF 630 Cev

& UAS 546 Gev Systematic uncert

O o oy YT T, B e T s e i o i s s S gt 3

UAS 900 Gev x

Pseudorapidity
density dN/dn

Multiplicity
distribution

<py > (GeV/e)

©
i

&

P+ Spectrum
of charged

O CDF 1800 GeV
A UAT 546 Gev
ass 53 GeVv

Mean p; vs
multiplicity

20 25 30 35 40

Charged Multiplicity ( N3,)

Only a few ten thousand events are necessary for these analyses
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Extra Slides



Particle Identification in ALICE

TPC + T QUL i gL

(dEdx) [I—— PR nnnnnnnnnnnnm
R T T D
— K
TOF I — K/p
B eln
——
HMPID (RICH)
TRD
PHOS
MUON

ey T
5 ‘stable’ particle species: e, u, m, K, p

Instable particles through decay products

Forward Rapidity
muon: p > 5 GeV/c

Central Barrel

 velocity & momentum — mass of e, u, M, K, p e,u, photons, 1
e invariant mass — quarkonia, e.g. Jiy, T eein TRD: p>1 GeV/c
 decay topology — KO, K*, K, A, D e 10 in PHOS: 1 <p < 80 GeV/c

« excellent particle ID up to ~ 50 to 60 GeV/c
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TRD commissioning

4 supermodules installed in ALICE, cosmic ray data taking in 2008
50 000 horizontal tracks acquired (TRD L1 trigger commissioned and used)

Reconstruction and first iteration for calibration parameters (gain, drift
velocity) completed

'a‘ 2_] L L LI I I LI LI I L I I_
=
cosmic event triggered by TRD L1~ § 19F Supermodule -
> B ]
."5 1.8:—0 89 17
o [
® 1.7 NE
& f %0
a 1.6 43 -
B of @
: g
1.5 ]
1.45— E
1.33— _ _ -
- umformlty better than 10%
C T BT T T A BT T T N B
125 100 200 300 400 500

Detector number
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Circulating Protons in LHC

ITS tracks on 12.9.2008
7 reconstructed tracks, common
vertex
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0 e |

Circulating beam 2:
stray particle causing an
interaction in the ITS




