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Inner. Tracking System (l) »

ALICE

@ Six layers of silicon

detectors
> Coverage: |n|<0.9 full ITS

> Coverage: |n|<1.4 SPD

@ Three technologies
» Pixels (SPD)

» Drift (SDD

» Double-sided Strips (SSD)
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Inner Tracking System (ll) ».

ALICE

Design goals

» Optimal resolution for primary vertex and track

Impact parameter

> Minimize distance of the innermost layer from beam axis
(<r>= 3.9 cm) and material budget (=8 % X/X)

» Maximum occupancy (central PbPb) < few %

» 2D spatial information for all the layers
» dE/dx information in the 4 outermost layers for particle ID in 1/{3 region

Layer | Det. Length | Resolution (pm) PbPb dN/dy=6000

1 28.2 12 100 35 2.1
2 SPD 7.6 28.2 12 100 12 0.6
3 SDD 15.0 44.4 35 25 3 2.5
4 SDD 23.9 59.4 35 25 1.5 1.0
5 SSD 38.0 86.2 20 830 0.6 4.0
6 SSD 43.0 97.8 20 830 0.45 3.3
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Calibration and alignment
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ITS alignment with cosmic rays 2009:

SPD and SSD

Target: minimize the residual misalignment to reduce the N L I
: : 1200 SPD | .eeees not aligned
resolution worsening a2 I 28.8 + 0.5 uh sectore 1
. . r0=40.0 = - - ]
= Two different algorithms for the 1000 H half-staves
minimization of the track-to-point | i
ohi residuals are used: Millepede (II) B ]
and an iterative module-by- 600} .
X module approach s SPD |I _:
SPD - hierarchical approach - :
200 —
— » Spatial resolution =14 pum R SV U VR — :
. . . OW'T : fm, —— e

» Residual misalignment =7 um 2000  -1000 0 1000 2000

. track-to-track Axyl
Axy — distance between 2 rack-to-track Axyl,_, [um]

half tracks in the xy plane at 2800 T = @ duals _ _
-0 G e ayerD TesIauas 1 Good alignment with survey for SSD
y_ E with surve); Mean 3.7+ 0.4 nm . .
2 .2 ot Sigma 29.4 = 0.4 um - » Spatial resolution =21 pm
S =2s 2 400 il
dxy|,., d, g . .
S » Residual misalignment for
. : : modules on ladders =5 pm
information on d, resolution -
(negligible)
200 .
Alignment of the ALICE inner tracking I . . .
system with cosmic-ray tracks | Mllle_pede with cosmics used mostly
ALICE collaboration 2010 JINST 5 P03003 - e | to align the whole SPD barrel w.r.t.
-0.04  -0.02 0 002  0.045SD
rA¢ [cm]
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ITS alignment with collisions 2010:

SPD and SSD

“extra” clusters distance = point-to-track SSD
distance in acceptance overlaps * re-validation of survey with “extra”
3 clusters in pp collisions (full SSD barrel)
information on spatial resolution
g2 ~2g2 * estimated residual misalignment
R e MXoc spatial confirmed to be compatible with the survey
point-to-track distance o
\ j precision on the whole detector (~5 pum)
2

o

o [um]
N w

b

0

N "Extra cluster” residual distribution: SPD1

. ] . MC (8 “m misal) ALICE Performance
Alignment with mixed B>0, B<0 and B=0

N
(=2)

28/05/2010

. : : 24 Data 7 TeV
collision data + B<O cosmic data, using the 4. —«— MC pp@7TeV B=-0.5 T LHC10b2Pythia
curvature measured by the TPC and 22b . datapp@rTevB=05T
keeping the SSD points fixed 20~ 1
: : : : 18
Extra cluster distance still compatible with 6 % !
;:?:1

a residual misalignment of about

Gmisal~ 8 P-m / 14

0.5 1 1.5 2 2.5 3
P, [GeVic]

Oom
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SDD calibration and alignment (1)

ANODES

» |In SDD, local x determined from
drift time:

Xioc = (t—1t0) X Vgrift
» Drift region divided into 2 halves

» Drift field generated by a voltage

divider implanted on the surface .
DOWN HALF

» Auxiliary external divider

connected every ~20 cathodes
ANODES

» two calibration parameters: ty and Vit

> 1 initial values estimated either from the minimum drift time or from track to
point residuals in the two drift regions

> Vi Obtained by means of MOS charge injectors integrated on the detector

surface. Stability within 1%, mandatory to guarantee desired resolution of ~
30 pm
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SDD calibration and alignment (2)

a Vi monitored at every LHC fill with dedicated calibration runs
triggering charge injectors

> Stability ~ 1%o to get nominal resolution ~ 30 pm

@ Corrections on Vdrift needed for:

2> Modules with malfunction injectors ( = 30%)
> Systematic effects in the estimation of the drift speed with injector

e N I N A DR = :
E 5_?5§_ ..... Pb-Pb run 2010,y5=2.36 TeV — —z ,\\‘ﬂ\@ ((\e 6‘(\9\\
§ os.| v Mosuezssoommeriver | AlICE a0 f W
:JD’- E n Module 453 SDD outer layer e s ’{‘\O ‘0‘ (\6’
= 555;_ _________________________ e B ———.—.—. ___________________ 1.@,{?,{2@1__1 ___________ _; 0(\9 aﬂ\ é\\@'
° E—li Amimi ‘.tuimmethi“wtﬂmkdéL{L“é&Jj' ...... P Aﬁﬂlz Gfb Ggs QSJ
ﬁ.ﬁi_ Fa ; Lk : : : ] 6 b
S R T N T 0 0 4O
6.551 | | 2 @\\ cV Gd
i = e\, W& (\\
asi_mmwmmmmhmmmwmmm4mmmwmmmwi .............................. s o _t es QOA eﬁa
i : ; : é E = (j( €5 €3
545___"‘?'1&,?1;"? ............ T XYy ‘“‘V;"W""TWL: ? 6"(} (Q‘
e e
“E O
ﬁ.agf""i"' ] Q

1 | 1 | 1 1 | 1 1 1 | | 1 1 1 1 | 1 | 1 1 [
0 315 320 325 330 335 340
Time [days since January 1 2010]
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SDD calibration and alignment (3)

@ Defects in the voltage divider -
bad resolution along x (drift

direction) £
3
» Track to point residuals: clear =
“anomalous” profile for defective 5
modules (20-30) 5

» Corrections extracted from

> Laser maps (measured in laboratory during
construction phase)

> “Particle” maps (extracted from p-p data)
» Lo and vyt are free parameters in the
Millepede alignment procedure

After correction for non-uniformities and fine
tuning of t,and v

track to point residuals ~ 30 um at high p,

-
=}
Q
=}

]
=]
A A

& AX,um

- -
5] Q
=] =] Q
=] Q

] Before correction for V

10000

1500 —
Isbb 245 R|  pp @7 TeV (LHC10b)

2o Xdrift (um) “s

-
o
=}
?

——T—
20000

Xdrift (um)

1000

1500 ISDD 245 Rl '

1 After correction

. 'ALICE Performance:
8/4/2011 .

T ess 2 Xdrift (um)

199 7spbp 251 R |

- nominal resolution for SDD

0 10000 .
Xdrift (um)
e 250 :
= >
0%200 i5-e pp @ 7 TeV (LHC10b) E
T » SDD layer 3 ALICE Performance
r.— < SDD layer 4 8/4/2011
150 ey
#ﬁij{k Before correction for V, . non-uniformities
—.—{y +**iﬁ—{>— l
R
50 SRggeg = RSO
R After correltion
O 7I T T LI T 1T T T T T T 1T T T LI T T LI
1 2 3 4 5 6 7 8 9 Jo
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Vertex determination
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Vertexing with SPD tracklets:

SPD”

Build “tracklets” from SPD Clusters

» associate each Cluster on layerl
to all the Clusters on layer2 within \
a window A@ <0.5 (0.025) rad

Combine tracklet pairs and select them according to:

» small Distance of Closest Approach (<1 mm) between the two tracklets

» build all combination of traclet pair and select those with intersection in the
diamond region (Ar<0.5 Az<40 cm)

Compute the “vertex SPD” using the selected tracklets
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Vertex “SPD” and “tracks” performance * .

ALICE

SPD Vertex needed to:

» Monitor the interaction diamond position o ,.
Vertex spread distribution at\s =7 TeV,p* =

quasi-online E e e
» Initiate barrel and muon arm tracking o OxSPD  f(n. ) =0, ﬂ; |
. T 800¢— /v g N 1 m:l:lm................,: ------------------------- o
» Measure charged particle multiplicity E, i it R "ira:klets
More accurate second reconstruction of g AyTRE . AucE Perfomajcs 1
Interactlon Vertex from tracks In the barrel -E Buu é, .......... L}A‘fﬁpur&”!ek.nfx;ﬁﬁ' ........... ;JA,I_‘IH“;”?”FH ..... Y!HE ...... __
“vertex tracks” % f Gu=Ht2 | 6, =3343 1
» Needed for secondary vertices reconstruction % qopf}-0.........5': }f,f:ﬁ’rL ....... o ;.ﬁ;.ﬂ’?;q ............. .
| SPD vertex efficiency vs ntrklets T | _ | _ .
Q : a
g - > ORI
® .- = = = E 200 AN L :ég
) e fl— P e | T
'S !I = : ) F_: ; 5 ; |
E / m IlllltllllltllllllllllllllIllllllhIIII!III 1
x —i— W oo iev oDz reconauson = 0 10 20 30 40 50 60 70 80 90 _
g ], [[]  oeta_7Tev janty 30 recanstruction) TI'ECklEt Ml.lltlplll:ﬂ?
@
-
Q | M enaRS iz rseoon The asymptotic limit estimates the size of the luminous
7] / = == MG Perugiad (only 30 reconsiruction) region, seen for the vertices reconstructed with tracks
§ _5!_ ....... R (filled markers).
- = === MIC Phojed (only 30 reconstruction)
M1
_E‘(. | | | |
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Vertex “tracks” in Pb-Pb

Primary vertex reconstructed with tracks in Pb-Pb
data at 2.76 TeV per nucleon pair

MethOd to evalua_t e reSOIUtlon Half event vertex resolution in Pb-Pb collisions at\ s, = 2.76 TeV
on the vertex position: T SN 1 I A 4 B S A £
* The tracks sample is randomly & | @ @@ iiig @ @y 5
o . 10
divided into two.
e A primary vertex is
reconstructed for each of the
sub-sample.
* The resolution is extracted
from the o of the distribution of
the residual between the two
vertices.
e The resolution is extrapolated
for most central (5%) Pb-Pb
collisions (orange box). Half Event Tracklet Multiplicity

ALI-PERF-3886

Vertex resolution
q_‘

-y
ﬂ'

(NN

o = 10 um for central events
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Measuring dN .,

@ New tracklets are built using the vertex and the SPD points

/dn

» Tracklet: pair of clusters (inner/outer layer) aligned with the
reconstructed primary vertex within fiducial windows in 6 and ¢

@ measure charged dN/dn in p-p and Pb-Pb collisions

@ define centrality in Pb-Pb collisions 3, [ropoat\sy=2761ev T
E - Mgppl<1-4 g ¥
g i
m E_-‘suno_ 2 8 < n‘."ZEROA < 5.1 _
T T T T | T T T T | T T T T ' T .' L L L = N -
E10° L Pb-Pbat\ s, =2.76 TeV 10 g@l]-;guﬁferfnrmance { o L 37 <Myzepoc <17 ©
g_" + Data : ] ui 10000/ — S -
L —— Glauber fit : E {1 * o s0s20m
NBD X f Ny + (1N :
1021 1=0.197, 1=8.422, k=1.245 0
10 1
> | &% = =
15 (8|8 % &
=] =] o
= o ™
| L 1 1 | L L L 1 | L L L L I 1 1 L 1 1 | L I [ 1 1 L
0 1000 2000 3000 4000 5000 6000 ! T T T
N. of SPD clusters (OUtEI' |E‘IYEI') SPD outer layer cluster multiplicity
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ITS tracking
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ITS tracking

@ Global Tracking in the barrel
» Track finding + fitting based on Kalman filter

» Initial seeding in the external TPC pad-rows (low
track density). Tracks are followed inwards

» Back propagation ITS-TPC-TRD-TOF
» Refit inward TOF-TRD-TPC-ITS
@ ITS improves

rec. track

» momentum and angle resolutlonP”.mary

» track impact parameter VErtex o ...
(crucial for heavy flavours)

Track impact parameter dO: distance of closest approach
DCAtrack - vertex

@ Standalone ITS tracking

» Tracks and identifies 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
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ITS impact parameter resolution .

ALICE

300 — T T T

T T T
- 6. N T

LECE F'erforman;:e
A 3[?/!{19/20 TO

d, r¢ resolution [um]

HC1 (}c perlod)
‘___fgual mlsal

d, ro resolution [um]

=

)

=)
I]Iilll[l|I\I\!Iilllll\l||||1

I]I!|IIEI|I\I\il!lilEI\I|I1IJ

ALI-PERF-—

5%5 **zz-".
i i {r||||| i

for |1 10

BUU: : ALICEp rf rmanca
B ITS Sfa"dﬂfﬂ"f fﬂwajm

700 5 pp@ ?Tvczumdt)

> Resolution below 30 um for p; > 1 GeV/c

500

dO rb resolution [um]

. e Data (LHCI0b period)

> ITS standalone enables the tracking for doo—
very low momentum particles (low p, 200

reach=80-100 MeV/c pions) “'H’W Pt

100F

> Good agreement data-MC (~10%) ?éép'P D I

;
o ' pr[Gevic]
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Secondary vertex reconstruction

@ Very good impact AR SR AR AN paRra ARs SR ARALREERRRRREARE:
parameter resolution S F L A 0
allows reconstruction of g E
secondary vertices “”m_ f

» detect open-charm soof. E
mesons (D+,D,, D*, D) sof- Mean = 1.879 + 0.004 o
3005-_ Sigma = 0.023 + 0.004

: 2““2— Significance (3c) 6.3+ 1.1 —
First results presented at QM2011 E 'gni é (3’:‘;95 10486 :
: B (3c) 6061+ 57 :

fa ooty by by by e by gy by gy g

1.7 175 18 185 19 195 2 2.05
Invariant Mass (Knn)[GeV/c?]
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Particle identification with ITS

£&9 TIPP 2011 Stefania Beole’




ITS Particle Identification (I)

SDD and SSD analogue readout has a dynamic range large enough to provide the
dE/dx measurement for low momentum, highly ionizing particles, down to the
lowest momentum at which tracks can still be reconstructed. The ITS is a stand-
alone low-p; particle spectrometer.

» uniformity of the charge collection among all the modules and among different

layers N Ssmance
- . e . \V
» stability of the charge collection vs drift time in the SDD ated uar
. . . Dedic? o 1K
» stability of the performance during the data taking analy®
g 007—— ALICE performance 9/2/2011
E ESDD { SDD module 247 (inner layer)
0.06 :_ PbPb @\s = 2.76 TeV (2010 data)
0.05f—
0.04; —— Drift Time < 1200 ns
003; ——— Drift Time > 4400 ns
0 200 400 600 800 1000 S1§US m01d4l3fe nu:;ﬂbﬂer 002;_
dE/dx for the 1698 SSD modules in pp 0.01—
collisions at 900 GeV. Each bin is fitted with e e ' s
a Landau-Gaussian convolution distribution. 0 0 00 0 A Kev/300und
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ALICE Performance

- ITS stand-alone tracks

dE/dx (keV/300um)

2

ALI-PERF-8369

The resolution of the ITS dE/dx
measurement is about 11%

dE/dx relative resolution

» good 17K separation up to
450 MeV/c

» good p/K separation up to
about 1 GeV/c.

TIPP 2011

400

122
=
o
LI L L R LR

IIIt|ItIIII

ALICE Performance

ITS stand-alone tracks

- pp @\s =7 TeV (2010 data)

0.2

0.18

016

014

0.12

0.1

0.08

0.06

0.04

0.02
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ALICE éperfofrmarice
' 17/01/2011 :
Pp @v\s =7 TeV

+
+

fff fffé%ffffffffffffffffﬁfﬁfffffffffffffffffﬁfﬁfﬁf
f

—a—— o ols in SDINSSD (2000 data)

i 3 cls in SDIHSSD (MC)

——a—— 4 els in SDIMSSD (MC)

——m—— 3 cls in SDISSD (2010 data)

i i

b III|III|III|III|III|

i i i
0.3 0.4 05 0.6 0.7

Pt [GeV/c]

10°

< 10°
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Identified particles spectra in Pb-Pb

ALI\CE

@ Combined results of different = T I ——
PID techniques S 3L,
Igh : 8 .".’o
» High p.: TOF O ¢ oo,
—_ 3 -
» Intermediate p_: TPC BIOPL om0, *
Q.l_ ¢ .**i *++
© ., *
> L.OW p, (down to 100 MeV/c for S 0. Trert o
pions): ITS standalone tracks & 10E o '*‘miii s
3 —'—ii
w 1OF reliminar +¢
%; cﬁ:% AL'EpEafs I?Tev_ ! @i @a _-t
. S, v,  ALICE 1F  ALict
3 Son,, E ALICE Preliminary
g F ‘%ﬂ"*@# - 0-5% most central
= - ""t"‘._o‘__q_‘ —1IIII|IIII|ILII|IIIL|IlII|lIII
Y e —, T 0905 1 15 2 25 3
E F Lovy i P, GeV/c
L R . Low p_ reach is very important for
. i reducing the extrapolation of the yield
10‘3'.'}.”'015”' ‘;1|5 I é |2.|5|II dOWﬂtO pT:O
pl{Ge\Hc)
AR (extrapolation = 10% for )
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Conclusions

@ |TS calibration and alignment

> SPD SSD alignment along rg ready since 2009

> Alignment along z fixed in 2010 using SDD as a reference

> SDD calibration/alignment parameters tuned with 2010 data:
nominal resolution of ~30 pum along drift direction reached

> Analyses with new SDD alignment parameters running now
@ Vertexing and trackleting:
> Good precision on vertex position (asymptotic limit — diamond size)

> dN_/dn and centrality measured using SPD tracklets

@ Tracking and PID:

> T, K, p identified in ITS down to very low momentum (p,<100MeV for m)

> Open charm mesons reconstructed in the hadronic decay channels down
to low p_ bins
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Back up
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Pile-up tagging

Interactions occurring in a time window of 100 ns (4 bunch
crossings) pile-up in the SPD

The SPD vertexer can be used to tag pile-up events

After finding the first vertex, the tracklets which are not pointing to
this (“main”) vertex are used to check if there are other vertices

originating particles
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ITS tracks prolongation efficiency

Probability for the TPC track prolongation in ITS
> p-p and Pb-Pb data

pp 7 TeV, pass1 reconstruction

> Different selection of g F @ .
. _d_,l | -
clusters inthe ITS - E .
I 1C1 _ 0 S 1.2 S B e
different efficiency 80-98% § POV
g 1__- ................... —— g . B _5_‘-.__t
'E" 1.4Pb- Pb. 2.76 TeV. minimum.bias... N ' S 0.8 ,&-5""'"?‘?‘-"‘“4""%""""—""{* _______ ks
8 | ALICE Performance ] ® :
P 27/04/2011.. ... e
el B i “F —=— at least 2 ITS hits (Data) :
2 ] I —=— atleast 1 SPD hit (Data) -
% 1@-&%%@ "t e at least 2 ITS hits (MC)
2 1 e ————— ~--e---- at least 1 SPD hit (MC) -
E_ 0 B?W%Oﬁoﬂ_g_o """" o o W 0-2_ ]
) B ] p-p | |
| 1 ] S | r .
i ® Data: at least 2 ITS hits ¥ 10 1 10 p. [GeV/c]
P 0 _MC:atleast2 ITS hits y ‘
H e Data: at least 1 pixel hit - o _ ] o
- Pb-Pb © MC: at least 1 pixel hit | Lower efficiency if asking 1 point in SPD
0_2:_ ......................................................................................................................... _.: due to bad modules
ol ] 1T Very good agreement between data
1 10 and MC

P, [GeV/c]
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Impact parameter and Momentum

resolution

Transverse impact parameter resolution vs p;
for the ITS Standalone tracks reconstructed
In pp collisions at 7 TeV and compared with
the Monte Carlo results.

, ITS Standalone enables the tracking for very
low momentum particles.

1 Comparison of the pt resolution for the
| standard ITS+TPC tracking and for the ITS
stand-alone tracking as a function of p, .

t

Relative p resolution

» ITS stand-alone resolution is worse by about
an order of magnitude with respect to the
TPC+ITS tracks.

. This is due both to the smaller lever-of-arm
and to the limited number of points.

1 18 [Gevrc]
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Outline

* |TS design goals
@ Calibration and alignment: focus on SDD
» Vertexing with SPD

» Tracking in the barrel and with the ITS In
standalone mode

» Particle identification
@ Conclusions
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