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ALICE

|. Introduction
® The ALICE Experiment
® ALICE Inner Tracking System Description

2. ITS operations
® Status during LHC Run|

3. Physics performance
Vertexing
® [racking
® |mpact parameter resolution
® Particle identification

4. Conclusions
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Dedicated heavy-ion experiment
» Study the behavior of strongly interacting matter under extreme conditions of high energy
density and temperature

Proton-Proton and Proton-Lead collisions
» Reference data for heavy-ion program
» Genuine physics (momentum cutoff < 100 MeV/c, excellent PID, efficient minimum bias trigger)

Main features of the ALICE barrel (|n|<0.9)
» Robust tracking for heavy-ion environment
» Mainly 3D hits and up to 150 points along
the tracks

» Wide transverse momentum range
(100 MeV/c - 100 GeV/c)
» Low material budget to minimize multiple
scattering at low pt (13% Xo for ITS+TPC)
» Large lever arm to guarantee good tracking
resolution at high pr

» Particle ldentification in a wide momentum
range based on several techniques: dE/dx, time
of flight, transition and Cherenkov radiation,
calorimetry
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ALICE

3 different technologies
* 2 layers of Silicon Pixel Detector

ITS tasks in ALICE

» Secondary vertex reconstruction (c,b decays) with (SPD)

high r.esolutlon . . e 2 layers of Silicon Drift Detector
» Tracking and PID of low pr particles, also in (SDD)

standalone

* 2 layers of Silicon double-sided

4 Improve primary vertex reconstruction, momentum microStrip Detector (SSD)

and angle resolution of tracks from outer detectors
» Prompt Level-0 trigger capability < 800 ns (Pixel)
» Measurement of charged particles pseudo-rapidity
» Pileup rejection

ITS requirements

» Capability to handle high particle density

» Good spatial precision

» High efficiency

» High granularity

» Minimize distance of innermost layer from beam
axis (mean radius ~3.9 cm)

» Limited material budget

» Analogue information in 4 layers (Drift and Strips)
for particle identification in |/B? region via dE/dx
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Radius

Det. (cm)

Length
()

Spatial Max

(mm) (um?) central PbPb

o |z b

Power dissipation
precision Cell occupancy (W)

: " >
SPD 0.21 9.8M 12 100 50x425 1.35k 30

2 7.6 28.2 0.6 1.14

3 15.0 44 4 2.5 1.13
SDD 1.31 133K 35 25 202x294 1.06k 1.75k

4 23.9 59.4 1.0 1.26

5 38.0 86.2 4.0 0.83
SSD 5.0 2.6M 20 830 95x40000 850 1.15k

6 ( 43.0 > 97.8 \ 3.3 ) \_ 0.86

® Radial coverage defined by beam-pipe
(inwards) and requirements for track
matching with TPC (outwards)

® Max occupancy ~constant in all the

layers

® Average material traversed by a
straight track perpendicular to the

surface is ~1% Xo per layer

Grazia Luparello
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v 120 half-staves

v Total surface: ~0.24m?

v Power consumption ~1.4kW

v Evaporative cooling C,F,,

v Operating at room temperature

v Fast two-dimensional readout (256us)
v LO trigger capability

v Material budget per layer ~1% X,

Half-barrel: . u e E _ Final half—bar;is (5 sectors)

outer surface

5 Al layer bus extender,

f ] b,

# half- Ladders/

staves half-stave getdes
1 3.9 40 2 30
2 7.6 30 2 160
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SDD - S

R

Voltage divider

Central
Cathode

Radius # ladders

(cm)

Mod./ladder # modules

8 176

Grazia Luparello

Cables to power

supplies and DA
P R -

\.:,._' _' i m'“l 'lm e firyt

', Carbon fiber support

Barrel
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Hybrid:identical for P- and N-side

Al on polyimide connections e | s

6 front-end chips HAL25
water cooled 0

: Sensor:
double sided strip:
768 strips 95 um pitch
P-side orientation 7.5 mrad
N-side orientation 27.5 mrad

ecarbon fibre support
emodule pitch: 39.1 mm
e Al on polyimide laddercables

# ladders Mod./ladder # modules

5 38.0 34 22 748
6 43.0 38 25 950

d .
LT » s y 2 3
" e b L EIBINIgIE BIgININNIg g NN 1%y 2y
T an i e w wn a s nl) -
e— . — o T, e ST Er 0t +dl ol 2t ol
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*

ALICE data-taking _

Sl

pp collisions (2010 —2012)

v 900 GeV (300 K + 8 M events MB)
v 2.36 TeV (40 K events)

v 2.76 TeV (70 M events MB)

v' 7 TeV (800 M events MB in 2010)
v' 7 TeV (550 M events MB in 2011)
v 8 TeV (540 M events MB in 2012)

v 100 K events in the ITS using
the pixel L0 dedicated trigger

I Almost continuous ITS operation §
. between 2010 and 2013 with | RS
different colliding systems and at | AT
different energies |

Pb — Pb collisions (2010 - 2011) o
v/ 2.76 TeV/nucleon (= 30 M events MB '
in 2010 + 46M events in MB) p-Pb collisions (2013)

PL+PD @ sqrifs) = 276 ATeV

2090-11.08 11:20:46
Fill : 1482

Run: 137124

A\l ICE Event : 0x00000000018BES9)
MLIE
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ATS Operation
' » 't.b f’J [N ¥ -

J

The ITS operates in the experimental area as three independent sub-detectors
=> specific implementation of the online systems to allow an independent monitor and
operation of the each sub-detector

e Specific Detector Control System (DCS) to remotely control the underground
hardware: temperatures, HV, LV, FEE electronics

® |n total 4 DCS projects: 3 for each sub-detector + | for Pixels Trigger

® |[ndependent data monitoring to online control the quality of the data
® Prompt spotting of detector de-configurations during data-taking

® |ndependent calibration procedures for each sub-system. In particular, different online
calibration strategies developed:
® SPD: Noisy chips maps
® SDD: Baseline and Noise, Gain, Drift speed
® SSD:Baseline and Noise

Grazia Luparello Vertex 2013, Lake Starnberg (Germany), 16-20 September 2013 Il



status: SPD

¢ | || Half-Staves (HS) in data-taking and

O
O

Vi &

triggering after May 2012
® High efficiency reached after
cooling intervention. Stable 2 — o |9 OFF

_—
wvmbhbwn wVbw

1 111 ON

O e

w bW
O
O

wbw

configuration. X : /120
5 3: : R :Fg 3
. . . . 2 2
® Main motivations for excluding HS: 4; | 1 5l : H
® Connection problems A, , C
P SR b E—
® Configuration not stable j | 5
6 : l 15 o E— : 6
7} | 15 3 1 7
e SPD Calibration ; _j
® Main calibration performed before 8 E— | | —

the beginning of the data taking.
Very stable configuration

® Online calibration based on the
research of noisy pixels through
dedicated standalone runs or with
Detector Algorithms Outer layer
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® Fraction of good modules: 86%
® Fraction of good anodes in good modules: > 98%

® Main motivations for excluding modules:
® FEE and HV problems

inner layer outer layer

Ladder

Ladder

6 7
Detector

0 1 2 3 4 5 0 1 2 3 4 5
Detector
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Layer 6

(Pﬁ Layer 5
e Active half-ladders: 137/144

® Active modules: 91%

Bad channels (p-side)[%)]

® Not-active modules:
® are not operable due to
configuration problems
® are masked due to noisy areas

® Number of active modules depend also Layer 5 Layer 6
from the environmental humidity
® modules supplied by SINTEF show
high current with humidity > 15%.
Switched off if humidity is not
under control

Bad channels (n-side)[%])

@é
ﬁ

. Detecto r Algo rith m ru ns On I i ne after 12345678 9101112131415161718192([)\1212223 12345678 91011121314151617181920212226242526

module module

standalone runs to search for
additional noisy channels

Grazia Luparello Vertex 2013, Lake Starnberg (Germany), 16-20 September 2013

color scale: percentage of bad channels in a module

Bad channels (p-side)[%)

Bad channels (n-side)[%)]



® SPD on-detector electronics dissipates 23WV per
stave (1.35 kW for the whole detector) using the l . O Drilled next
: . . ow rates
embedded cooling system with C4F o as cooling
o 2.50 2.50
IIqUId 200 - L 500 Nominal flow
® After the pump the system is split in 10 cooling - k\/ 189/s
. ow 150 1.50
lines, one for each sector that are recollected (&/5) A
1.00 100 ~®Nov-1l
before the compressor / \ e May-12
.« 0.50 0.50
® Minimum flow rate to extract the whole power AV
. 0.00 - - o s o s o~~~ 0.00
for each sector is 1.8 g/s o 1 o @
Discovery of the problem >I Interventions on the system_ Sector
. 100 B ‘ ] | Inlet pressure
_S 7\ T <— Sub-cooling installation 7 e ——— i
0 90 \\‘ ﬂ 6 A\ 6
S 2 F 5 —I/-\/ 5
_§ 80 / ./ ‘\X \ \ AR N
€ 7 e N p (bar) X — 3 —#-Nov-11
q6 . / \ b 2 2 +May-12
X / \ 1 1
0 0 - - - - - - - - - 0
Apr-07 Nov-07/Jun-08 Dec-08 Jul-09 Janl0 Aug-10 Feb-11 Sep-11 o 1 2 @ @@@
Time Sector

Lab commissioning
before installation

/
First switch on in the cavern

Restart after LHC forced shutdown

After the

intervention 111 Half

e Many modules OFF for high temperature Staves switched ON
* Problem connected with clogging of cooling filters

* Filters not accessible in an easy way
e difficult drilling procedure prepared and successfully conducted.
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|. Baseline and noise = _ Stable average noise
—>» 2 b
e Measured at each beam fill g N SDD detector
e Stable behavior over long timescales ssE- M, 2012 data taking
. 8 = 08102012
* average noise at ~2.5 ADC counts < ¥
1 A -
2. Gain ,g» 2'55— e cloate ettt o+ st
* \ Measured with pulser standalone runs: test pulse T F
sent to the FE chips 1SE
_ Stable average gain 0SE- 28.Feb-2012 4-Oct-2012
g 18- o:llAll‘1,.Lll.,l,A,1L‘ll,L‘l.‘ll.‘,l..lll.xm’
s "o SDD detector 172 174 176 178 180 182 184 186 188 190
8 [ 2012 data taking Run number
< 1.6_— 08102012
g F
8 1.4__—
v - .
2 After ~25 min stable vaif
- e 7
| nge band: r.m.s -8
- § ' ® SDD Module 275 Side 0
P soszor 2 [ e
E L T T T T s | ¢ SPD Moo Sae0 L.
Run number £ 68, 9/10/2012
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3. Drift speed measured with MOS Injectors implanted on .
the detector surface during standalone runs P
e crucial to have a 0.1% precision on drift speed to e, sty
. . . S8000000000 00000ttt RR
reach the nominal resolution of 25 microns along the
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drift region 9 2 & 8 % 8 8 8 8 8

Time since detector powering up (minutes)

SDD switch on
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ALICE

|. Noise and baseline measured during dedicated standalone runs without beam

® Stable noise distribution vs time
® Average p-side noise ~2.4 ADC, n-side noise ~3.5 ADC

2. Gain calibration measured from cluster charge distributions obtained from collision
data for all the SSD modules
® MPV value stable within few %
® \Very stable calibration: need to be updated few times per year

—_
o
W

E I 10 e F ALICE Performance 0 o botora salmtion
=25 | 8 100 p+p at \s = 7TeV :
..e s [ W after_calibration
© J 8 o5l o 8 -
~—200 g 95[ " £
(O] o r ° L
o =10 e
© ] 3
= B e
O i -
é’ 85
L 1=
gil‘;‘;'-‘.l ‘-'«\."I'Vi“‘ | 75 V- - -1 -1 A -1 l el l . ] l - . A " 1 A
0 200 400 600 800 1000 1200 1400 1600

“l 1 I‘ | L L 1 I 1 1 1 I L 1 ' l L L .l ] L L L I L L 1 I L 1 l‘ l‘ L
0 200 400 600 800 1000 1200 1400 1600 Module number
SSD module number AL I-PERF-8900

ALI-PERF-8908

SSD charge released in each module. Each distribution is fitted with a Landau
convoluted with an exponential.
First gain calibration with pp data @ 7 TeV and updated regularly
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Efficiency = Nciusters produced in the module under study / Ntotal tracks
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Sensor efficiency integrated over the active elements of a layer is ~99% for all the 6 layers
Inefficiencies due to:

e inefficiency of the algorithm for the cluster-to track associations

® incomplete hermeticity of the detector, dead areas

e Inefficiency at the level of 0.5 - 1% in good agreement with Monte Carlo
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- yertex recor

/ 7 ! ."\\
—— \ ‘f’,’.v'fayer 2 Longitudinal Vertex Profile
Vertex from ITS = WoF e
“SPDVertex” from all possible pairs of 2 \ "/ Layerl i Rvs 7306
. . . . . A s =
aligned hits in a fiducial window (in ¢, n) \\ g ,(\e'l'
Béam 50‘\\\
A\, axis 30
Used to: g
*Monitor the interaction diamond position N3
quasi-online -
. . . 15——
*[nitiate barrel and muon arm tracking of
. . . s
High efficiency and poorer resolution T A .
: ; : s st it ‘ e 9')0 -40 -30 20 10 0 10 20 30 40 50

= — Z,cm
| Object published in db : Sat Dec 3 18:37:23 2011 |

Vertex from reconstructed tracks | E Yorexspreaddsrbunanssrreve=am
Straight line approximation of the ano O sro i) =% 2 n:f-‘ - @ _
reconstructed global tracks in the 2 P ek . """ 1 The asymptotic limit
vicinity of the vertex. 2 e e e 1 estimates the size of the
5 ) luminous
Used to: ) s=rwsii ] region, seen for the
*Reconstruct secondary vertices S | vertices reconstructed
eEstimate the vertex resolution g 0= o A 1 with tracks
x | o —e—e—e e (filled markers).
Poorer efficiency and high resolution Eo0 02 A ckiet Multiplicity
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ITS contributes to global tracking together with TPC, TRD, TOF
+

allows for standalone tracking

Global tracking strategy .
|. Vertex with SPD 8/ s

2. Seeds in outer part of TPC (lowest track density) Track /=" TP %jn
3. Inward tracking from the outer to the inner TPC wall
4. Matching the outer SSD layer and tracking in the ITS 1. TPCin
5. Outward tracking from ITS to outer detectors 1ae! [trol [TPc TS ) <,
6. Inward refitting to ITS 2. 17sin
/. Refining vertex with optimal resolution (track
method) ITS TPC matching efficiency
§1_4_Pb-i°b.2i76‘Te\‘/. ;rw;nimdmbias o T;
;5 : ALICEIWIV?grfﬂc"))r’r’nance
ITS Standalone tracking E S T
e Recovers hits not previously used in the ITS 8 1mw N
layers § S
* Track and identify particles missed by TPC due to 2o
pt cut-off, dead zones between sectors f ® Data; at loast2 TS hi
|.pT acceptance extended down to 80-100 ™ " Data: at last 1 pixel i
MeV/c (for pions) 02 .
2.pt resolution <~ 6% for a pion in pr range 0
200-800 MeV/c p, [GeVic]
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Impact parameter: distance between the track projection and

the vertex position reconstruction in the bending plane rec. track

Reference variable to look for secondary tracks from Primary
displaced decay vertices (strange, charm, beauty particles) Vertex

The material budget influences the performance at low pr

The point resolution of each layer drives the asymptotic performance

w
o
o

g r Y YTy T T T vi —
— [ : 1 E 600 ALICE performance 18/10/2011
2 | 2 ©
8 250+ G’Oba’ traCkS - g r ITS standalone tracks 3
E ! : ALICE 5 500 PBPb @ \s = 2.76 TeV (2010 data)
% 200’ 0907/2013 ] § E ¢
g_ L » pp\s=7TeV 1 § 400 'd0 ré resolution
;o [ ’ * p-Pb\ 5, = 5.02 TeV S - « x-Data  © %-MC
150r- Pb-Pb 2.76 TeV' - : * K-Data = K-MC
- . =2. ev 4 — — !
- H \ S 1 300 . '+ p-Data «p-MC
™ 1 = © L —— — H T H = =
100r ! ] 200t R
- o) | 3 o - s
50.. Oo"‘ 1 1m__ !7;1.*_*'“-— by
[ . ] tandalone tracks T tteigae,
[ [includes primary vertex resolution) ¥V, 4+
0 1 11111 L Nt 11 el 0 A L A A A A A !
10" 1 10 1
P, (GeV/e) Pt(GeV/c)

e ~ 60 pm at pt = | GeV/c independent from the colliding system
e Small dependence from the colliding system due to the dependence from
the vertex resolution
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® Analogue read-out of four deposited charge
measurements in SDD and SSD

® Up to 4 samples per track, combined via
truncated mean: resolution better than 12%
achieved

® PID combined with standalone tracking allows
to identify charged particles below 100 MeV/c
® p-K separation up to | GeV/c

® K-TT separation up to 450 MeV/c

Good performance independently from the colliding system

de/dx relative resolution

0.2 i : : : PP i
C i ; A
0.18f— ALICE pérformiancd | | |
= ? L 2112201 b b L ALICE
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0.02— i r : P
oC i i i P
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______ o p, (GeV/c}
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1/(2np,) d®N/(dy dp.) (GeV/c)?
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erformance

SECONDARY VERTICES

RECONSTRUCTION
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Impact parameter resolution better ~60 % 6000k E
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ALICE

® ALICE Inner Tracking System has been in operation from 2010 to 2013 and participated in
PP, p-Pb and Pb-Pb data taking

® The three subsystems: SPD, SSD, SDD are performing remarkably well and they show
a stable behavior

® The performance is well in agreement with the design requirements and is stable with time

® Standalone capability allows one to track and identify charged particles with
momenta down to 100 MeV/c.

® |n addition the particle identification performance allows for the separation of pions,
kaons and protons down to very low pt

® |[mpact parameter resolution on ~60 pUm for tracks with pt =l GeV/c allows the
reconstruction of charmed decay secondary vertices

® ALICE ITS is performing very well but improved performance and more intriguing physics
results are expected with the upgraded ITS. See M. Sitta talk
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» Pixel chip prompt Fast-OR
» Active if at least one pixel hit in the chip map
» 10 signals in each half-stave (1200 signals in total)
» Transmitted every 100 ns

» Overall latency constrain 800 ns (CTP)

» Key timing processing are data deserialization and Fast-OR extraction
» Algorithm processing time < 25 ns

» 10 algorithms provided in parallel: useful for detector commissioning and physics

» cosmic, minimum bias and multiplicity algorithms

» FPGA remote programmable to guarantee maximum flexibility

Grazia Luparello

1200 bits @ 10 MHz

Optical Baam— Fast-OR

120 G-Link splitters extraction ©10°eSSNg

Pixel Trigger electronics
350ns 200 ns , 225 ns

, _295ns,

800 ns

Vertex 2013, Lake Starnberg (Germany), 16-20 September 2013
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» Radial distribution of photon conversions compared with MC

» Accurate description of material in MC
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ALICE

Humidity trend at the entrance of the SSD
detector

Optimal RH set is 15%
Long period of operation at high RH
(~30%)

Example of leakage current in a SINTEF
ladder

Increase from 120 to 220 YA when
operating in a high humidity environment

@ constant HV applied

Current values goes back at low values
when the RH is brought back at 15%.
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A good alighment is crucial to achieve the required track impact resolution
~2200 modules: more than 13000 parameters to be determined

Data sample:

e |[00K cosmic tracks collected in 2008 with dedicated pixel Level-0 trigger

e pp data with/without magnetic field
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& w v
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N

e

N - 'E_.'
R
-

g kT o i

More details in JINST 5, P03003
Strategy:

* Validation of survey measurement with cosmic-rays and tracks from pp collisions
e Millepede alignment of SPD and SSD
* Include SDD alignment
* (longer calibration needed: interplay between alignment, drift velocity, time zero calculation)
e Relative ITS-TPC alignment

AR BARES RARES BANES RASEE SR

"Extra cluster" residual distribution: SPD1

¥ beewa . T E 30 250
c " SSD in-ladder overlap N - £ T _
E 200 3. = = b
S - wl/o survey { = ogb : A Ge)
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4 24 s
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SSD: good alignment with survey.
Millepede with cosmic used to align
SPD barrel wrt SSD
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SPD: residual misalignment of about
8 Um after survey and Millepede
alignment

Vertex 201 3, Lake Starnberg (Germany), 16-20 September 2013

SDD: after correction for non-
uniformity and fine tuning of Vari:
and to: track to point residual ~30
Um at high pr
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detection with SPD

’

® The SPD can be used to tag pile-up interactions occurring in a time window of 100 ns
in pp collisions (4 bunch crossing)

® Tracklets (pair of aligned clusters and a reconstructed vertex) not pointing to the main
vertex are used to search for pile-up vertices

® Tagging efficiency is ~ 80% (for vertices separation of 0.8 cm)

. €
@
,‘3
' 82
. 15 -10 -5 0 “ 10 S 800
(o . :
o 2 7005 oot )
Q\Q s + T & + T + E g 131092012
o((\ s - _‘ g 600 Tracklets pointing to pile-up vertex
€F : TS +nct ; Tt L& g N,>=3
3 500 B NS
0 0 a
Q "é 400
v -t 2 '8 Gaussian Fit
E + W" 4 5 g 300 Mean = 0.02 + 0.05 cm
= a P o=592+0.04cm
- + .d- = F 4R+ + ] 200
-10 -10
100
-15% -10 o 0 5 10

10 20
z Vertex1 ~ z Verlex2 (cm)

peak at Az =0 corresponds to false positive. Removed
requiring a higher number of tracklets
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® Method:

® The track sample is randomly divided into two sub-samples
® A primary vertex is reconstructed for each sub-sample

® The resolution is extracted from the sigma of the distribution of the resifdual

between the 2 vertices

® The resolution is extrapolated for the most central (5%) Pb-Pb collisions (orange

box)

Grazia Luparello

Half event vertex resolution in Pb-Pb collisions at\ s,, =2.76 TeV
T 1 117 1 1 ey T 1

...................................

..............

-
o
w

...................

-
o
(¢

................

Vertex resolution [um]

............................................

-k
o

................

F T O I id i il iiiaiiaiil

10 10 10°
Half Event Tracklet Multiplicity

(NN

ALI-PERF-3886

Vertex 201 3, Lake Starnberg (Germany), 16-20 September 2013

33



e TG %)

NOT ACCESSIBLE area!

Capillary

ALICE

compressor /@

»

.

condenser
Chilled
water

Subcooler
A Heat-exchanger
RADIATION MNVW\

RADIOACTIVE l Y }9
ENVIRONMENT! waler

Grazia Luparello Vertex 201 3, Lake Starnberg (Germany), 16-20 September 2013 34



