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ALICE experiment at LHC is aiming to study the physics of
strongly interacting matter at extreme energy densities, where a
new state of matter, quark-gluon plasma, is expected to be
reached.

Due to its excellent track and vertex finding and particle
identification capabilities, ALICE will be able to study the

properties of QGP by means of awhole set of different and
iIndependent observables.
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ALICE setup

Central Detectors:

Inner Tracking System (ITS)

Time Projection Chamber (TPC)
Transition Radiation Detector (TRD)
Time-of-Flight (TOF)

High Momentum PID (HMPID)

Spectrometers:
Photon Multiplicity

Forward Multiplicity
Muon Spectrometer

Calorimeters:

EM Calorimeter (EMCAL)
Photon Spectrometer (PHOS)
Zero Degree Calorimeter (ZDC)
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ALICE PID
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Identified particle spectra
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High p results - first time PID up to 20 GeV/c :
Pions: p; >2 GeV/c Protons and Kaons: p> 3GeVi/c.
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R, Of Identified hadrons

IlllIII|IIIIIII|III|IIIIIII|IIIIIII|III

< S
| o 1 0-5% Pb-Pb \San = 276 TeV - o
i o T+ —

ALICE o KK

PRELIMINARY

* p+P

|

L i

N

0.5~ = [ =
i ' . i 60-80% Pb-Pb \s,, = 2.76 TeV

] i i ALICE o K%K 1

o e b b b b b b e 1y ||||.|p+F| bl

0 2 4 6 8 10 12 14 16 18 20 0 2 4 6 8 10 12 1 16 18 20

P, (GeV/c) P, (GeV/c)

®For p; <8 GeV/c: R,, for mand K are compatible and smaller than
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PID in the TOF is based on the arrival time of
the particles (‘time of flight') at the TOF
detector. TimeZero is the time of the
interaction, measured in ALICE by means of TO
detector OR TOF detector itself.

the timeZero for the event

(measured/estimated in
different ways)
(time,,, —timeZero) —time,,.....,(p.m, 1)

PN
P ]DTOF =~ 7

O pip(1OF)

This is computed,

the time measurement ‘ during reconstruction

made by the TOF detector by ALICE core
central tracking

(‘integrated times’)

2 2 2
O i (ror) — \/ Oror T Crimezero T Cracking
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TO detector overview
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2 arrays of Cherenkov counters located at
+370 cm ( TOA) and =70 cm (TOC) along the
beam-line.

Each counter: quartz radiator/PMT/readout
€ Precise start signal for TOF

(time resolution of below 40 ps)
€ Trigger functions (on-line):
€ Coarse vertex position

position resolution (along the beam direction) 1 cm;
€ Coarse multiplicity

€ “wake-up” signal to TRD
€ Luminosity using TO




TO performance

ALICE detector n acceptance

TPC (full tracking)
.—‘_‘—I : ' TPC

: ' SPD inner layer

A \VOA

[=2]

dN_,/dn (Pythia)
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-2 0 2
Pseudorapidity n
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Pseudorapidity coverage
TO-C -3.28<n<-2.97
TO-A 4.61<n<4.92

+370 cm ( TOA) and =70 cm (TOC)
along the beam-line
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Interaction time signal independent on
vertex position (TOA+TOC)/2

For events with low multiplicity when

only one signal exits TOA or TOC could

be used after correction by z-position

of vertex measured with SPD with

accuracy ~50mKm.

Time resolution of ~ 40ps for protons

and ~20ps for PbPb collisions

Efficiency: depends on event
multiplicity. For PbPb collisions it is
around 100% for events with centrality
below 70% and drops to 65% TOA and
TOC and 35% (TOA+TOC)/2 for events
with centrality 90% .

For proton collisions 7TeV TOA or TOC
signals were provided with efficiency
~70% and (TOA+TOC)/2 with efficiency
50%
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TO-C & TO-A production
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TO calibration

Online calibration is based on raw data:
Before start of period, a set of laser runs ( 1 run per laser amplitude) are
taken. Results are written in OCDB

+ amplitude in channel vs amplitude in MIPs;
+ time — amplitude dependence (slewing correction).

During data taking: collects time value for each of 24 channels with slewing
correction from “online” OCDB; writes in OCDB mean time value for each
channel ;

Offline calibration is based on reconstructed ESD( Event Summary Data)

Mean time value for each PMT with slewing correction optimized for MB
trigger. Replace OCDB entry with mean time value for each channel

Calculate exact (TOA+TOC)/2, TOA and TOC position. This should be done to
have interaction time centered around zero. Write OCDB entry

All steps of TO calibration run automatically

12



TO detector performance

timeZero resolution

(OR.A - ORC)M2

TO resolution

98}

sl

s

15351

K

— —

]

EENJ

Hignl

)

T4

el

e

e

]

lisn

0h)

i)

HoRgt

/
-

11 p-p 2.76TeV JU N N S U N N O B

BrLoh)

20

¢
[

this)

Hish)

%K)

‘March

i

S08p)

[se] ewfis

o

T0 resolution (ORA -ORC)12

83705

Canstant 1.0426+04

Entrias

0.2208
2298

Mean
Sigma

TO resolution

100 200 400 400 800

12000

5000 [—

10000 —

g

4000

zesosr

occozr

socosr

socosr

creozr

zicozr

recosr

sosoLr

socozr

ozzozr

aszozr

oszozr

cozozr

corozr

corozr

zor0z1

ey

sov0st

aov0sr

sec0zt

asoozr

olution

14323
1503
3.056

Entries
Constant
Mean

3725

Sigma

300 400 500
ps

200

100

~300

400

soseor

esueor

ssseor

zcs081

osseor

zeseor

vsscot

osscsr

siseot

eV

szvest

Girosr

arvosr

A

o)

1

Yiaige

ovemper £

LR

=

[sd] ewBs

< <

sivest

PEIES

esresr

asreor

aviest

e

srosoL

ovoeor

e

proven

ey

spcoor

szeoot

cizest

zizest

aozasr

sozeer

ryre

szrest

crieot

es0ser

as0est

z06z01

seesor

stesor

arezor

vrazor

Lreyre

sozzor

o
o
Q

June2012

Al

L
?

n Q
LI A

(sd] ewfis

35

30

25

20

15

10

0bizel

ngLzel

uaitds

L6228}

687284

0Ez08)

lozogk

56408}

SEL081

Eh08)

K081

[H)

6ZH08)

el

Twoogl

noooe}

0z66L4

GH66L1

8i66L)

Lig6L}

H66LH

65861}

85861}

9086L}

96261}

8E96L)

WL

81961}

J56LH

58564

eseLl

HS6LH

69561}

———

INR RAS

Alla Maevskaya

12 September 2012



( TO trigger

TO vertex trigger with timing cut on TOA-TOC difference
rejects background and satellite collisions.

Used as interaction trigger for high interaction rate — 400 kHz iIn
2012 proton runs

Used in PbPb runs 2011 for online event selection for central
and semi-central events

Efficiency of vertex cuts by TO
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Online background rejection

by TO vertex trigger

T0 vs vertex

Entries 264939

-20

TO time vs TO vertex

In addition by offline selection:

TO pile-up flag -> more then one interactions were in
interval -70ns +1130ns from triggering event

TO backgroud flag -> if we have both signal from TO-A
and TO_C, but with bad vertex (OTVX signal -off)
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T0O vs vertex TVDC on

Entries 238679

‘3{] -3 ﬂ '20

Online event selection with

trigger OTVX
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ALICE LHC Interface

ONLINE monitoring of luminosity:

Luminosity estimated from measured rates

Online display, monitoring and archiving

Feedback to LHC: needed for beam tuning, optimizing beam conditions
and establishing proper running conditions.
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Summary

One of the most important part of the ALICE is the TO detector, based on quartz
Cherenkov technology, which is a key component of the trigger system and provides the
collision time zero to be used in the time of flight (TOF) measurement.

The detector is routinely used for online luminosity monitoring and to provide fast
feedback to the accelerator team.

The TO detector provides up to five different trigger signals for physics

selections, based on the online determination of the centrality and of

vertex position of the collision, and for background rejection.

During the first years of the LHC run the detector has shown excellent
performance and stable operations both in pp and Pb-Pb collisions and it has fully
confirmed its central role for the ALICE data taking.

Excellent time resolution was obtained both in pp (=40 ps) and Pb-Pb (~20ps)
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some anxious minutes waiting for 15t collisions..
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( TO reconstruction

Event reconstruction
» read raw: time and amplitude for all channels ;

a Ccorrect time measurement according amplitude with slewing
correction from OCDB channel by channel;

« Subtract mean time from
to have time centered around zero (channel by channel)

» choose min (1Y) time for A and C side ( TOA and TOC);

» calculate interaction time (TOA+TOC)/2 which is not depend on
vertex;

» correct TOA and TOC with primary vertex position,;

» Shift TOA, TOC and (TOA+TOC)/2 with value from OCDE calculated
'n CPass1 to have them centered around zero.

(TOA+TOC)/2, TOA, TOC are ready to be used by TOF as timeZero

N — e —




