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ALICE

ALICE: I'esperimento

e ALICE= arge on ollider xperiment

o |’'esperimento dedicato alla fisica degli ioni pesanti
aLHC

o Scopo principale: studio della QCD mediante
formazione di una (nuova) fase della materia, In
condizioni estreme di densita M/E (QGP?)

e Importantissimo contributo degli “hard
processes’, in particolare della produzione di
guark pesanti (c,b)




Il QGP a LHC

. Condizioni estreme di densita di materia ed
energia: PbPb@ 5.5%A TeV
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. Studio delle sue proprieta

. Prova dei meccanismi della QCD n.p.




Ruolo del quark pesanti

| processi ‘duri’: 98% della sezione d’'urto a LHC
Possibile confronto con la teoria (QCD perturbativa)
verifiche fondamentali — finestra per nuova fisica

Quark pesanti: sonde importanti delle prime fasi della reazione

Rivelabili mediante i decadimenti deboli: vertici separati dal
vertice primario di =ct=100 pm

g < 100 um e I'obiettivo per la risoluzione su y-vertici




Condizioni sperimentall

Elevata molteplicita
Ampio intervallo di energia
Con l'esigenza di:

Elevata accettanza

ldentificazione

Scenario “pessimistico”:
dN,,/dy=6-8x103
(best guess=3000,
estrapolando dai dati di RHIC)

Soglie di rivelazione “basse” (=100 MeV)

Buona risoluzione in impulso: da 1-2% (= 1
GeV) a =10% (50 GeV e oltre)

Risoluzione sui (micro)vertici secondari

Tracciamento critico per la fisica e complessa sfida sperimentale !
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Inner Tracking System (1)

L_.=97.6 cm

out

® 6 strati, 3 tecnologie:
e Silicon Pixels (0.2 m?, 9.8 Mchannels)
e Silicon Drift (1.3 m2, 133 kchannels)

e Silicon Strip (4.9 m?, 2.6 Mchannels, double-sided)




Design goals

Inner Tracking System (Il

Alta risoluzione per vertici e parametro d’impatto

minimizzare distanza del 1° layer
minimizzare material budget

Occupancy massima (PbPb centrali) < qualche %
dispositivi 2D in tutti layers

dE/dx nei 4 layer esterni per la PID

Radius PbPb dN/dy=6000

Occupancy (%)
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SSD: struttura

e | due layer piu esterni dell'ITS:

e cruciali per la connessione delle tracce con la TPC

e dE/dx per PID
e 1698 moduli doppia faccia (782+988)
e 72 ladders (34+38)

o cell size: 95x40000 pm?

Layer Det. Radius Length Resolution (um) PbPb dN/dy=6000
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L5: 34 ladders
L6: 38 ladders

r¢- overlap:

L5: 22 modules

Z - overlap: L6: 25 modules




Struttura portante in materiale composito di carbonio (300 pm)
Pitch dei moduli: 39.1 mm




SSD: | moduli

« 300 um thick e cavi: Al su poliammide

e area attiva: 75x42 mm * 6 FEx2 chips HAL25
« double sided » raffreddamento ad acqua

 Stereo angle: 35 mrad
" p: 7.5 mrad
* n:27.5 mrad
* integrated AC decoupling

768 strips/side, 96 um pitch
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SSD: stereo angle
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CMQOS .25 um process, rad-hard
mixed analogue/digital chip
128 input channels

+14 MIPs dynamics

1.4 + 2.2 us adjustable shaping time
JTAG programmable
powered @2.5V
nominal readout frequency: 10 MHz

thinned down to ~150 pm

. Hal25 CHIP and pcable
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SSD: hybrid

aluminium/polyimide flex

-
| .| f
_ tail: fits in a ZIF
cooling blocks connector for tests

carbon-fibre
stiffener

; SMDcapacitors
SMD resistors Top view




SSD assembled




SDD: struttura

e | due layer intermedi dell'ITS:
¢ buona granularita & dE/dx per PID
e Connessione SSD-SPD, risoluzione in 'z’ G

e 260 moduli (84+176)

e 36 ladders (14+22)

PbPb dN/dy=6000
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Sensore SDD

* n-type silicon

e 300 pum thick

 cathodes pitch: 120 pm

» anodes pitch: 294 um

o drift cathodes width: 70 um

» 2 lines of 33 charge injectors
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SDD: moduli e ladders

Central Voltage

Cathode divider

at-Hv [ | <HV supply

.

- €LV supply
& | ¢Commands
. < Trigger
Data >

Front-end electronics (4 pairs of ASICs)
-> Amplifier, shaper, 10-bit ADC, 40 MHz
sampling




SDD: dettagli assembly

Heat

Cagl

Carbon Flbre Llip — ———  Ermed

Cool ing Tube Support




SDD correction maps

All the 260 SDD modules have undergone a complete characterization (map) 2 Non-linear volt. divider
before assembling in ladders -

[
o
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Charge injected with an infrared laser in > 100,000 known positions on
the surface of the detector

-

For each laser shot, calculate residual between the reconstructed
coordinate and the laser position along the drift direction
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position along drift axis

Systematic deviations due to: eviztic | 4aal Module

H

Dopant

Non-constant drift field due to non-linear Inhomogeneties

voltage divider

-
o

Parasitic electric fields due to inhomogeneities
in dopant concentration
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SPD: struttura (1)

e | due layer interni dell'ITS:

¢ clevata risoluzione per vertici e parametro
d’impatto: prevista una risoluzione di ~12 ym a 20
GeV (=asintotica)

® buona granularita
e 120 moduli (40+80)
e 10 settori

e cell size: 50%425 pym?

Layer Det. Radius Length Resolution (um) PbPb dN/dy=6000
Type (cm) (cm)
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SPD: struttura (2)

SPD = 2 half-barrels

o~
= Half-barrel == B sectors

= ‘-. x&!
12 half-staves <— 1 Sector

S 1 multilayer bus WNSSEN
Half-stave — 1 MCM
4 2 bump bonded ladders

5 read-out chip % _

1 senso
Sl ladder




SPD Mounting

S The 2 barrels will be built of
- S S L A 10 sectors

6 staves/sector

(2 from inner layer and 4
from outer layer)

Material budget (each layer): = 0.9% X,
(Si=0.37, cooling = 0.3, bus = 0.17, CFSS = 0.1)




Half stave

* p-in-n-type silicon sensor

e 200 pm thick

o cell size: 50%425 pm?

5 readout chips 150 um thick
* 40960 bump bonds

Pb- Sn Bump Bond

* Mixed signal (analogue, digital)

* Produced in a commercial
0.25um CMOS process (8"
o et wafers)

aturminiim Loyer X » Radiation tolerant desgn
Dl LmR (enclosed gates, guar
rings)

- 8192 pixel cells
| | * 50 pm (ro) x 425 pm (2)

pixel cell

+ ~100 yW/channel

SEENS + ~1000 e- mean threshold
: (~200 e-RMS)

0 e mean noise

240Lm

200um
150um

PALICELHCB1
FE CHIP
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SPD: cooling

Requisiti:
IqUiG BEINH capillaries

1.5 kW potenza dissipata condenser

temperatura uniforme lungo lo stave
compressor

Absolute Pressure(bar)

Condensa¥on @ 18-20°C {

G
evaporation @ 15°C «
et
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Enthalgy (tlkg)

Chilled
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«Sistema evaporativo
Ciclo di Joule-Thomson




SPD cooling performance

- Media = 28 °C (25 da progetto)
. 108/120 moduli raffreddati

. upgrade in corso per 100% eff.

Temperature °C

l_|_|_|_|_|_|_|_|_|_|_l
0 20 40 60 80 H]IE_I1ZI] 140 160 180 200
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ITS commissioning

Installazione completata in giugno 2007

Run I; dicembre 2007

primo test di acquisizione

Run Il: feb/mar 2008

circa ¥2 dei moduli in acquisizione

primi muoni + run calibrazione
Installazione dei servizi completata in maggio 2008

Run IlI: giugno-ottobre 2008

run specifici per sub-detector commissioning

primo run con FASTOR trigger da SPD




Commissioning SPD

. 106/120 modules stably running Detector dead time:

Dead-+noisy pixels < 0.15% 0 up to = 3kHz (multi-event buffering)

' = 320 pis at 40 MHz trigger rate
Typical threshold = 2800e-

: ; Max readout rate (100% dead time ): = 3.3 kHz
Operating temperature = design value

. FastOr trigger with = 800 ns latency
Average leakage current @ <50V = 5.8 pA

Average Bus current (= 4.4 A)

1600

L A N I B |

Detector readout time: = 320 s ;- Temperature (°C)

SPD onllln.e event dlsQI?y — Cosmic run “eakage current (LA)
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Commissioning SDD

247 out of 260 modules in DAQ

Calibration quantities monitored Disrtﬂay 2fd1_;?j€j§torf
every = 24 h event on 1 drift side o
1 module
* Fraction of bad anodes = 2%

e <Noise>= 2.5 ADC counts
» Signal for a MIP on anodes =100 ADC

* Drift speed from dedicated runs with T T e —
charge injectors

Time bin

Drift speed on 1 drift side

from fit to 3 injector points Drift speed on 1 anode during 3

months of data taking
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Drift speed (um/ns)

Measurement of v, vs. anode and
e4s VS. time crucial to reach the design
resolution of 35 um along ré

0 10 20 30 40 50 60 70 80 90
Time (days)

Drift speed (um/ns)

Varift = HE cT24 6.5
Lower e- mobility / higher



Commissioning SSD

* 1477 out of 1698 modules in DAQ
* Fraction of bad strips = 1.5 %

* Charge matching between
p and n sides

e Relative calibration from
40k cosmic clusters

* Important to reduce noise
and ghost clusters

Cluster charge N-side

50 100 150 200 250

1

Cluster charge P-side



Dati con FASTOR

FASTOR: ‘OR’ di chip dell’SPD implementato nel
chip di FE ALICELHCB1

- Imposta coincidenza tra il semibarile superiore
e quello inferiore del’'SPD (per z<0, cioe %2
barrel)

L

o Rate: O. 18 HZ »./’_‘% z<0: DEAD (2 del;s 7 y. — >' AND

. Utilizzato I'lTS come tracciatore standalone;:

fake vertex: incrocio di 2 tracklets costruite con
SPD

ricerca di 2 tracce ‘back-to-back’ a partire da
guesto vertice




Datl da muoni cosmicl

. Statistica: 10° eventi
. Scopi principali:

allineamento dei singoli moduli con precisione migliore
della risoluzione in posizione

FONDAMENTALE per ottenere una buona risoluzione su
parametro d'impatto e microvertici

calibrazione del dE/dx per SDD/SSD




‘Allineamento’

Adottati 2 metodi per la correzione dei disallineamenti dei 2198 moduli dell'ITS:

Millepede (il default per LHC): determina tutti i parametri simultaneamente
minimizzando un X2 globale calcolato dai residui traccia-punto di un gran numero
di tracce

Metodo iterativo: considera un modulo per volta calcolando i residui per quel
modulo con tutte le tracce che lo attraversano (e determinate con gli altri moduli)




Millepede su SPD

Entries 4252
Realigned e 61 =52 M
¥4 ndf 408.1/ 81
Track-to el O
‘ Mean 0.0004665+ 0.0606842 G_SpatiaI:14 Mm
traCk Axy at Sigma _ 0.005212+ 0.000086 (MC Ideal geometry:
y:O cTspatiaI:l:I- Hm)

Clusters attached to

. | | Entries 1320
same traCk In Mean 2.987e-05
acceptance RMS 0.00687
2 1 ndf 116.6 /92
overlaps Prob 0.04241
Constant 105.3+4.2
Mean -2.706e-05:5.283-05 o..=18 um
Sigma __ 0.001823+0.000049 L H
G_spatiaI:lAr um
(MC ideal geometry:
ottty ey Ospatia—11 LM)

L T i . Al b e
-0.06 -0.04 -0.02 O 0.02 0.04 0.086
track to extra cluster distance in xy [cm]
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Millepede su SDD

*Esempio di interazione calibrazione-allineamento: TimeZero e velocita
di drift inclusi come parametri liberi in Millepede
* Risoluzione dominata dal jitter del trigger (4 time bins @ 10 MHz)

Geometry only

Geometry +
calibration
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1 2 3
X local, cm




dE/dX

SDD - SSD
* A grandi distanze di drift si ha * Tracce ricostruite in TPC + ITS
maggior diffusionel] code piu (campo m. on)
ampie ‘tagliate’ dalla zero-suppression e MPV=most probable value (per
* riprodotto da MC silicio spesso 300 pm)

— Muon MPV
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Charge in SDD (keV)




ITS role in ALICE physics ()

Tracking:

Prolong tracks reconstructed in the TPC

Improve momentum and angle resolution

Track impact parameter crucial for heavy flavours

Standalone ITS tracking

Reconstructed / Generated

Track and identify particles missed by TPC due to dead zones between
sectors, decays and p; cut-off

p; resolution <=6% for a pion in p; range 200-800 MeV

—— |[TS+TPC+TRD e
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ITS role in ALICE physics (I1)

. Vertexing
- Reconstruction of primary (interaction) vertex
- From tracks: ITS crucial to obtain resolution better than 100 um

. From SPD tracklets: done before tracking and used as a starting point (seed) in the
tracking phase. Allows for pileup tagging based on multiple vertices

- Identification of secondary vertices from decays of hyperons and open charm and
beauty hadrons

Primary vertex resolution vs. multiplicity in p-p D+ — K-+ decay vertex resolution

4+ X/y coordinate

&z coordinate

Interaction diamond:

e along p D7 coord
= ortheg p D" coord

4 Zooord

50 60 70 80 .10
SPD tracklets pr D" (GeV/c)




ITS role in ALICE physics (ll1)

Charged particle pseudorapidity distributions from SPD
Pairs of clusters, one per SPD layer, aligned to the main interaction vertex (“tracklets”)
Advantages (wrt dN/dn from tracks):

Larger n and p; acceptance
Less stringent calibration needs

» Suitable for the very first data

> First measurement that ALICE will be able to perform, both in p-p and Pb-Pb

dN/d7) reconstruction @ 10 TeV (Pythia)
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Reconstructed

Generated

Bkg corrected
Bkg+AlgEH+SPDAccEH corrected
Corrected (triggered events)
Corrected (all events)

|

Generated/Corrected
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0.5 1 1.5
Pseudorapidity n
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Pseudorapidity 7
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/-track event collected with circulating LHC beam?2 on

Sept. 11t 2008




