A Large lon Collider Experiment

ALICE
ALICE Status

F Antinori

43 ALICE RRB, 25 October 2017




ALarge lon Collider Experiment

Contents

« Collaboration news
* News from Point 2
« Computing update
* Physics update

« Upgrades update

» Conclusions tA )
@A‘ AN '

FA | ALICE RRB | 25 October 2017 2



A Large lon Collider Experiment

ALICE

Collaboration news




ALICE Institute News .%

ALICE

PINSTECH, Islamabad, Pakistan
(associate member, team leader: Sohail Ahmad JANJUA)

AGH University of Science and Technology, Cracow, Poland
(associate member, team leader: Marian BUBAK)

Santiago de Compostela and CIEMAT, Spain: participation ended in August

ongoing discussions with several groups (Chile, China, India, Kazakhstan, Malaysia)
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Participating Institutes (1992-2017)

178 INSTITUTES — 41 COUNTRIES

FA | ALICE RRB | 25 October 2017

Source: Alice Collaboration data base, October 2017



Participating Institutes (1992-2017) %
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The ALICE Collaboration

ALICE
1842 MEMBERS . Bangladesh, 6
ALICE Experiment: Austria, 11

) United Kingdom, 33 Azerbaijan, 1 Brazil, 36 China, 66
Design Ukraine. 18 Bulgaria, 2 Colombia, 1
! Armenia, 7 Chile, 2
R&D Turkey, 4 e Croatia, 11
Construction Switzerland, 109 Thailand, 25\ Cuba, 4
Installation

Czech Republic, 40

. . Sweden, 15

Commissioning Denmark, 18
da along the way: South Africa, 16 Einland. 24

on spectrometer Slovakia, 34 !

France, 166
D

CAL
AL

Romania, 24

r the Upgrade Germany, 209

Republic of Korea, 41

R&D
- . Poland, 49
Procurement/Fabrication
Greece, 9

Integration, pre-

i Peru,5
ing Pakistan,23 Hungary, 27
B [t . Netherlands, 45 Norway, 43
nstallation, commissioning Mexico, 45
Full deployment of DAQ/HLT Malta, 13 apan, 53 Indonesia, 11

FA|ALICE RRB | 25 October 2017 Source: Alice Collaboration data base, October 2017 /



New appointments %
«  Editorial Board Co-chair: David Dobrigkeit Chinellato (Campinas, Brazil)

*  Deputy Run Coordinator: Kristjan Gulbrandsen (Copenhagen, Danemark)

«  Conference Committee member: Lee Barnby (Derby, United Kingdom)

»  Conference Committee member: Panos Christakoglou (Nikhef, The Netherlands)

« Junior Representatives: Erin Gauger (Austin, USA), Jeremy Wilkinson (Bologna, Italy)

PWG Conveners

*  Minimum Bias and MC generators: Paolo Bartalini (Wuhan, China)

Jets: Tatsuya Chujo (Tsukuba, Japan)

Jets: Leticia Cunqueiro (Oak Ridge National Laboratory, USA)

Heavy Flavours: Alessandro Grelli (Nikhef, The Netherlands)

Correlations and Fluctuations: llya Selyuzhenkov (GSI, Germany)
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Data taking in 2017

« nominal running conditions:
— B*=10m
— M =1-2%, leveled at target lumi ~2.6Hz/pbarn

* rich trigger menu
— calos, muons, TRD, diffractive, hi-mult, min-bias, ...

« 18 sub-detectors included in data-taking
« data-taking efficiency >92%
« on track for statistics goals for 2017
« special data-taking conditions
— low-B data-taking in the central barrel (done)

— data-taking at very low-u (~ 0.1%) (done)
* including Zero Degree Calorimeters

— Xe-Xe test (done)
— pp reference run at 5 TeV (- November)

FA | ALICE RRB | 25 October 2017
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Xenon-Xenon run ALICE

+ Xe-Xe at 5.44 TeV

« Solenoid at half B-field (0.2 T)

«  Solenoid/Dipole +,+ polarity

* B*used10m

«  Fill 6294 (9h of set-up and loss maps)

*  Fill 6295 (6h of Stable Beam)
— 2x colliding bunches in IP2 compared to 1P1/5/8
— Initial peak luminosity: 2.5x102% s-' cm

— Hadronic interaction rate: ~80 Hz

97.4% efficiency, 1.7M min-bias events

FA | ALICE RRB | 25 October 2017
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Data taking in 2017 Next schedule
we o

run

- P Bl

-Technical Stop - Machine development
: Recommissoning with beam -Special physics runs
:Scrubbing run :Xenon ion pilot run

4 weeks of 13 TeV high lumi running remain.
Plan to schedule 3 shifts of commissioning of 900 GeV high B* optics

5 TeV pp reference: 870M events (6.7 days of data-taking, f*= 10 m)

FA | ALICE RRB | 25 October 2017
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Computing update

ALICE
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Data taking and processing

ALICE
3.2 PB RAW data collected and replicated

full calibration and reconstruction of all periods
completed

Total size of the files

Improvement in HLT compression algorithm +
new TPC gas resulted in reduced RAW pp data
size and saved 7PB in tapes

SEBE
gAE A

aaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaaa

ALICE number of accesses in time X

3 months 6 months 1year

0 e Cleanup of unpopular data on disk

— 7.5PB removed,

— ~3PB (5% of total) remains

— reduced disk requirements in 2018

older than X

Remaining 3PB (5% of disk capacity)

Aggregated data size /PB

Kﬂ’lanx

-
- Yyou

* revised and lowered request for 2019

o
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Number of accesses
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2018 computing request

=7/
|

ALICE

Apr-17 . . .
* Reduction in tape request (reduced event size)
Resource Site 2018 2019 Growth
request | request _ ) _ _
P T0 350 534 34.46% * Reduction in disk request (disk cleanup)
o)
[kHS06] L 306 201 38.92% * CPU request reevaluated based on
12 438 635 31.02% improvements in reconstruction performance
T0 27 33.6 19.64% P P
Disk [PB] T1 32.2 39.9 19.30%
T2 41 51 19.61%
T0 55 55 0.00% Oct-17
Tape [PB] - 2018 2019
T1 41 49.5 17.17% Resource Site Growth
request request
Most of the pledged resources for 2017 installed CPU T0 350 430 18.60%
resources on TO and T1 for 2018 almost fully pledged | [kHS06] g gg; 2;2 12;‘?3’
. - . . _ o . (0]
T2 s.ltuatlon improved but still ar.ound ?OA . To 6.2 30.7 14.66%
Fulfillment of reduced request, in particular T2 disk, | pisk [PB; T1 305 358 14.80%
is necessary to allow ALICE continuous operation T2 35.1 39.7 11.59%
Tape [PB] T0 49.1 49.1 0.00%
FA | ALICE RRB | 25 October 2017 P T1 40.9 40.9 0.60%
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Physics update

ALICE
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Physics output

ALICE

* going strong!
— 192 papers on arXiv
— several hundred conference presentations each year

ALICE Conference Committee (cumulative): Nov. 2016 - Oct. 2017

180 § 500

J 192 papers submitted ‘O Total 2016 (360) [ Talks 2017 (338)
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At Apri

| RRB...

A Large lon Collider Experiment

Identified particle production ALICE

+ textbook-quality Run 2 data!
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- QGP hadronisation, collective expansion, freeze-out, ...
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... NOwW: more and more species ALICE
Resonances, hyperons,...
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- QGP hadronisation, radial expansion, freeze-out, ...
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Radial Flow %

ALICE
“Blast-Wave” fits to hadron spectra

« model of radial expansion

- 0.2 T ) ]
E o18h | . mass dependence - kinetic parameters
= F v Dy VUG ] T.. : kinetic freeze-out temperature
. O 16 = - % r} . kin
“F A\ \ ] : : :
o1a S 3\}5‘ E B+ radial flow velocity
0.12 - \.f,:‘ 5 -
ot "% 1 + Run2(5.02TeV)
" Global Blast-Wave fit to ® ]
0.08[ ™ (0.5-1 GeVic) K (0.2-15 GeV/c) , p (0.3-3.0 GeV/c) = — ~2/3 c (largest 3 ever observed)
- e ALICE Preliminary, pp, Vs = 7 TeV ]
0-06:_ = ALICE, p-Pb, Vs = 5.02 TeV B
0.04F * ALICE, Pb-Pb, s =2.76 TeV .
"L+ ALICE Preliminary, Pb-Pb, Sy =5.02 TeV ]
o 0 oo o b v o by by by sy by P TR
' 20 0.1 02 03 04 05 06 07
B

FA | ALICE RRB | 25 October 2017 21
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Deuterons ALICE-PUBLIC-2017-006 A

. 6><1 0°
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o

Hypertriton lifetime
3,\H: pnA bound state

3\ H>3He+ 1

ALICE Preliminary
Pb-Pb |5, = 5.02 TeV
0-90%, |y| < 0.8

e Data
— Fit

N\ sidebands l

SH> *He+ -

%ﬁ—) *He + n*

II||I|||I||||||II|II

* * Significance (3c) = 8.42

_
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R. E. Phillips and J. Schneps

PR 180 (1969) 1307
- G. Keyes et al.
PRD 1 (1970) 66

T

== Free A (PDG)

—— 3H World Average

STAR Collaboration ALICE Collaboration

Science PLB 754 (2016)360
328 (2010)58

(2010) Pb-Pb Y5=2.76 TeV

]
1
ALI E Preli
G. Keyes et al, CE Preliminary
Pb-Pb y5,=5.02 TeV
NPB 67(1973)269
HypHI Collaboration
i G. Bohm et al. NPA 913(2013)170

NPB 16 (1970) 46
H J. Prem and P. H. Steinberg

I PR 136 (1964) B1803

Consistent with world data and with free A lifetime
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Charm: constraining the QGP transport properties
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« powerful constraint from combination of R,, and v,
—> sensitivity to charm diffusion coefficient

FA | ALICE RRB | 25 October 2017
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Charm: constraining the QGP transport properties %

<

Q:<
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ALICE Preliminary ]
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e.g.: T dependence of diffusion coefficient from Run 1 ALICE data

25
— MC@sHQ, elastic K=1.5
- = MC@sHQ, ela+rad K=0.8
c-quark T-matrix U-pot
20 c-quark T-matrix, F-pot
1 Duke, AuAu, 90% CR
[ Duke, PbPb, 90% CR
I Duke, Au&Pb, 90% CR
& 15 ¢ c k lattice Di 1
['\' -quark lattice Ding et.al
Iy | HQ lattice Banergee et.al
V)
Q10
5
85 T.0 5 20 75 30

T/T,
Duke group, arXiv:1704.07800

powerful constraint from combination of Ry, and v,

—> sensitivity to charm diffusion coefficient
FA | ALICE RRB | 25 October 2017
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ALICE-PUBLIC-2017-003 ALICE
Dand D
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* hint of lower suppression for D. - strangeness enhancement?
FA | ALICE RRB | 25 October 2017 26
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Magnetic fields in Pb-Pb collisions

. . x10°

* huge B generated in nuclear collision §F08:' ST LICE Prefiminary 3
. . > V.o ]
— can be sustained in QGP - Pb-Pb \ 5, = 5.02 TeV 5-40% 8 ub™" ]
e ) ) 0.6 p_>02GeVic
— sensitivity to medium properties - % T ]
04 ° Vi
0.2F ; * V2
Qfoeemememeem s S —— ki
4 C ]
. —0.2p . § -
S -04F " -
-0.6 :_ bars: stat. err. _:
- boxes (filled/empty): syst. err. (corr./uncorr.) .
. _0'8:..|...|...|...|...|...|...|..?

F=gvxB —06-04-02 0 0.2 0.4 0.6

=

V. Voronyuk et al, Phys. Rev C83 (2011) 054911

Hint of this effect observed in ALICE?
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Magnetic fields in Pb-Pb collisions

. . x10~°

* huge B generated in nuclear collision § [ TTr T
. _ 3-03F ALICE Preliminary .
— can be sustained in QGP > "L PoPb sy, =502 TeV 5:40% 8 b :
— sensitivity to medium properties g 0.2f Prr0aceve H =
% . 15_ e V-V, E
R %..._._.‘__::,_..-_—.-::221'_._.% ................. il
0 -0.1F E ]
2 L -
4 C fit function: k - n ]
—0.2 k- 1684049 (stan) £ 0.41 (syst) - 10* E
C bars: stat. err. ]
-0.3 o boxes (filled/empty): syst. err. (corr./uncorr.) ]
Lol by b b by by by

F=¢gvxB ~06-04-02 0 02 0.4 0.6

=

V. Voronyuk et al, Phys. Rev C83 (2011) 054911

Hint of this effect observed in ALICE?
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Strangeness enhancement

* reminder: Pb-Pb-like features in pp, p-Pb

— indications of collective flow
» two-particle correlations
» identified particle spectra
— strangeness enhancement
* Nature Physics 13 (2017) 535

JUNE 2017 VOL13 NO 6
wnature.com/naturephysics

nature 7

physics

Stranger and stranger says ALICE

7~
&

ELECTRON GASES
Spin and charge partways

QUANTUM SIMULATION
Hamiltonian learning

TOPOLOGICAL PHOTONICS
Optical Weyl points and Fermi arcs

FA | ALICE RRB | 25 October 2017



Strangeness enhancement ALICE

- reminder: Pb-Pb-like features in pp, p-Pb ¢ 8¢
— indications of collective flow & 7| PoRo TLissNev 7" PP Tor188 Mev H H H H H

» two-particle correlations T:A] 6 H H
 identified particle spectra ) HH HHM ____________________

Y st £
— strangeness enhancement - HEHH .
4= L - —
- Nature Physics 13 (2017) 535 - H&_H.H- ALICE Preliminary g
C -Pb |5y = 5.02 TeV -
« now: Pb-Pb data at same energy (5 TeV) - [+ o sstsare ae :
Y — — Pb-Pb {5, = 5.02 TeV T
— smooth overlap with pp, p-Pb 25 /T WG predictions by Is=TTeV [ Fraiminay .
, 1:_ -.-- PYTHIA8 Monash With CR E|pp Vs=7TeV _:
- enhancement only dependent on mult'y? - T R e floves Nat. Phys. 13, 535539 (2017)
. . C 1 Ll I Ll | Lol L]
—> underlying mechanism? g 10 102 10°
dN_/d
- pp event generators? (NG /Ao

FA | ALICE RRB | 25 October 2017 30
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Charm in p-Pb: nuclear modification factors

p-Pb /A * pp

Ne) T T ‘ T 1T ‘ L ‘ T TT ‘ T T ‘ T 1T ‘ L ‘ T \7
o
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t Prompt D mesons, —0.96<ycms<0.04 E
1.4 = Average D°, D*, D** ]
1.2 —
' I
0.8 —
0.6 ) ]
3 [ CGC (Fujii-Watanabe) i
0.4/ == FONLL with EPPS16 nPDF 1
| == Vitev et al.: power corr. + k_broad + CNM Eloss  +
““““““ Kang et al.: incoherent mulfiple scattering 7
0oL - uke ;
: —  POWLANG (HTL, i
----- POWLANG EIQC ) B
L1l ‘ - ‘ L1 ‘ L] ‘ L1 ‘ - ‘ L1 ‘ 1 \7
00 5 10 15 20 2 35
P (GeV/c)

* no evidence of modifications
- e.g. quenching
FA | ALICE RRB | 25 October 2017

C?CP

ALICE

“central” / “peripheral”
2 ALIGE Proliminary ' Average 0, D, 0 ]
1.8~ p-Pb, VSa = 5.02 TeV = Charged particles ~ —|
a E
1.4 1T =
UL R —
1 T | +__ I:
0.8 —
0.6 =
0.4 —
[ Central: 0-10% ZN energy ]
0.2f~ Peripheral: 60-100% ZN energy -
Ogl L1l ‘ L1l \1‘0\ 111 ‘ | ‘ | ‘ 111 \?"0\ L1 \3%\ 17
P, (GeV/c)
« similar to charged particles
- radial flow?
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Collective effects for charm in p-Pb?
Heavy-flavour electron v,

G ol At hanre, o e swmiean |+ @zimuthal modulation for HF electrons
g PP, VS =5.02TeV 5 _ pe <4 GeVic, 126 < y5, <0.34

An|<1.2

(0_200/0) _ (60-1 00°/o) 0.3< pTaSS"c <2 GeV/c

¢

»

~

[&)]
||||||\|II

—5 435] .
S C ]
< ¢ .
430— -]
4.95 - -o- Data _
E — Fit a [1+ 2v, ,cos(Ag) + 2v2 Acos(ZA(p)] E
4000 — &, === v,,modulation -- v,, modulation =
C 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | 1 1 1 1 | I_

0 0.5 1 1.5 2 25 3
Ag (rad)
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ALarge lon Collider Experiment

Collective effects for charm in p-Pb?
Heavy-flavour electron v,

0.2_! T T T T T T — T — T T — = ° [ .

O e v +|(C o IAInI<12 l E azimuthal modulation for HF electrons
0.16?— E]IPEO@ =502 TeV -a— Charg. particles, 0.8 < |[An| < 1.6 _E

018E 020%)- Go-t00%) o R TERITT 4 e magnitude similar to charged hadrons
— —— i

By ® i — and Pb-Pb

01— —
0.08 B-H ] =
- m 3
0900 EI'B 1] ]
0.04E 3
0.02F —
SR | Ll | | =
0 1 2 3 4 5 6
P, (GeV/c)
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Azimuthal asymmetry for J/yp? ALICE
Correlate J/y in muon arm with charged particle in barrel

2o T ALICE Preliminary
0 2; ——e—— p-Pb (0-20%)-(40-100%), 2.03 < y”" < 3.53 ° p-gO|ng d|reCt|0n

——=—— Pb-p (0-20%)-(40-100%), -4.46 < y"" < -2.96
— 66— Pb-Pb5-20%,25< y"" <4
——4—— Pb-Pb 20-40%, 2.5 < y"¥ <4

0.1: P [ «  Pb-going direction

J S . Pb-Pb

" Transport model, 20-40% Pb-Pb, 2.5 < y*¥ < 4

B In{:lusivgJ/w ]
BT e T T —> hint of non-zero v,
0 1 2 3 4 5 6 7 8

pi/"’(GeV/c)

arXiv:1709.06807
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/
L] - - L]
[ ]

pp: multiplicity dependence of particle spectra ALTGE
Ratio to minimum bias (inel > 0)

Multiplicity selection at mid-rapidity Multiplicity selection at forward rapidity

o T T T T T 1T I‘ T T T T T TTT
o T T T T T T TT ‘ T T T T T T TT . R —
_ll\ 1 02 | ALICE preliminary, pp Vs = 13 TeV _ _/I\ 102 = ALICE preliminary, pp Vs = 13 TeV -
i E w E
E ] Z T bt b

< F h"+h,|n <0.8 : - ] = F h+h,|n <08
o 5 : 1 e i 1
— .—‘ -—
8 10 ﬁ.ﬁ E! 8 105_ — n-a-uToy _E
= | i 3 % F .fl’.—--n a—-n-u-ntuy
© Cu nun e ]
o o o = H =

1 " 1 -

(=l

2—a-a-uw Lo n
E L] Illl :I - - amE g .I-..
E. vI'I‘IrI’II\ E Fa—u —Ml....\'\"-ln g g
L — 4 i = .\\.
1 0_1 E-Mid-pseudorapidity mult. classes e 10 = -

3 E " magn
£ N SPD tracklets (|77] < 0.8) ] r VOM Multiplicity classes
[ mO0tob m 61010 B C = m X
m 11to 15 16 t0 20 X lVIII Vil
211025 26 to 30 Uncertanties VI v Uncertanties
102E 311035 36 to 40 —+ Stat. - 1 0—2 Lo i —+ Stat. _
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« correlation between inclusive multiplicity (low-p;) and high-p; particle production
=2 dvHREs 2+ cpratanrgeometry 35
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pp: particle spectra for jetty and isotropic events

g f ﬁ+L+'E,EoT§"L",L”f?a3%;3/2,1|f,|1‘*38 > F PP, 1S = 13TeV
T iE S 7 .
3 s = 2
0.8E Il __; '::ZIZ.Z 2 C . ]

Jetty g il TAIE T f = ]
0.7:— 2 - Hi‘ ]

o Spherocity cl o

08 Lot 10t . " E

05F *+ 0-10% = Q - ]

2 | | | | v 90-100% 3 N - ]

04090 20 30 40 50 IGOI 70 80 S L = VOM mult. class I-1ll == ]

Ng, N o Jetty (S, <0.47) ==

2“’ 102 o ::sol’?roplc (S, > 0.76) HE

Isotropic = - [ Full syst 7
o P - C Uncorr. syst EE%

|njettyevents: — I B I B o e B
) ) - 121 o auma L LTI . . o

— more particles at high p, fewer at low p; s ® e ?

S g —

- constrain MPI models o gl —— ]

[ . 11 1 1 I 11 1 1 I 11 1 1 I 111 1 I 11 1 I 111 1
- connected to p/tr enhancement at intermediate p;? 2 o 05~ 1 15 2 25 3
FA | ALICE RRB | 25 October 2017 o p_ (GeV/c)
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pp: proton-proton correlations ALIGE
» close like-sign pairs suppressed

(9)

» close pp pairs enhanced

* baryon number conservation?
* not reproduced by PYTHIA tunes, PHOJET

- new window on baryon production mechanisms in pp

FA | ALICE RRB | 25 October 2017
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ALarge lon Collider Experiment

Charmed baryons in pp ALICE

><1 03 3 OD B T T T ‘ T I T ]
sgb T T T T . % 8 — = 1.4 pp, Vs=7TeV ALICE Preliminary —
- 1 2 ¢ o 1 +o [ Jyl|<o05 ]

- . = |  ALICE Preliminary 1 < B . _ ]

- 1.4k | 1.2 —*— data (D" from arXiv:1702.00766) —

] = 147 pp,Vs=7TeV | - —— PYTHIA8 (Monash) .

o ] 3 I PYTHIA8 (CR Mode0) .

- ] A ] 1.0[~ -~ DIPSY (ropes) p-PD, \syy =5.02TeV

s E 812 - <o HERWIGY 096<y, <004

C ] -'E- r 0.8 data (D° from Phys. Rev. —
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ALICE

Charmed baryons in pp
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Update on upgrades

ALICE

40



ALarge lon Collider Experiment

ALICE upgrades

Main physics goals

« study heavy quark interaction in QCD medium
- heavy flavour dynamics and hadronisation at low p;

 study charmonium regeneration in QGP T

- charmonium down to zero p; ALICE Experiment
« chiral symmetry restoration and QGP radiation 7

—> vector mesons and virtual thermal photons (di-leptons)
« production of nuclei in QGP

—> high-precision measurement

Upgrade of the
Time Projection Chamber

41




ALICE upgrades .X

Layout

New Inner Tracking System (ITS)

— MAPS: improved resolution,
less material, faster readout :

New Muon Forward Tracker (MFT) ﬁ‘V/'- r—
— vertex tracker at forward rapidity

New TPC Readout Chambers
— 4-GEM detectors

New trigger detectors (FIT, AD)
— + centrality, event plane

Upgraded read-out for TOF, TRD,
MUON, ZDC, EMCal, PHQOS,
integrated Online-Offline system (O?)

— record minimum-bias Pb-Pb data
at 50 kHz (currently <1 kHz)
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ALICE upgrades

ALICE
Timeline
2015 2021 2022 2023
ﬁmﬂ"ﬁ AR ue AR ITA
Run2: Li7ott .q = 1.0nb™? Run3: L5 %P g = 6.0nb™!
2028 2029 Shutdown/Technical stop
HAIDIE SHIDIE Proton physics
Commissioning
lons
. rPb—-Pb _ -1
. Rund : L;ooratea = 7-0 nb
o« LS2:

— LHC injector upgrades, Pb-Pb rate - 50 kHz (now ~10 kHz)
— ALICE upgrades

e Run 3 + Run 4:

— experiments request > 10/nb (ALICE: 10/nb + 3/nb at 0.2 T)

— in line with latest projections from machine group
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ITS Upgrade

Beam pipe

FA | ALICE RRB | 25 October 2017

(B

ALICE

Based on MAPS

7-layer geometry (23 —400mm), |n| £1.5)
10 m? active silicon area (12.5 G-pixels)
Pixel pitch 28 x 28 um?

Spatial resolution ~5um

Power density < 40mW / cm?

Material thickness: ~0.3% / layer (IB)

Max particle rate: 100 MHz / cm?
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New Muon Forward Tracker n.uce

Disk 3 Disk 4 10 half-disks * new Si pixel tracker
2 detection planes each — same technology as ITS

Disk 0  Disk 2

* in front of muon absorber

Power Supply Unit - 235<n<36
(for disks 0,1,2)

280 ladders
— 2 to 5 sensors each

« 928 pixel sensors (0.4 m?)
— ~5% of ITS surface

FA | ALICE RRB | 25 October 2017 45
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Production of Monolithic Pixel Chip ALICE
Production Status Nr. wafers Nr. chips
delivered 560 24840

Full production: 1200 wafers

Production proceeds smoothly
Throughput = > 100 wafers/month

= Production will continue till Feb 2018

IB: 50um thick CMOS Production Yield
: 80 B
ALPIDE O OB: 100um thick n 7113 o o6 66 68
70 3 ’ 62 o —=_ 60 ©3 —a—"
B » _a0b3 ; & c S~ . /
80 T ¥ 57 ~ g assumed yield
50 = et
=
40 a7 ——Yield(%)
IS 30 1
1S
LN 20 ’
o 10 1 B Average yield 63%
0
F @SSP S S STFEFSESFSS
& T S "
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Module and Stave Pre-series

Performance of first full staves (stave-0 and stave-1)

Noise distribution

2><106
e U I B B B B
—_— . 3 18 Mod-1 (OB-HIC-08BR) .
51 Million pixel S 1ok rscanomn |
1.6 Mod-3 (OB-HIC-60AR) ]
1 4:_ Mod-4 (OB-HIC-62AR) _Z
Each half-stave is an e = e caromy |
independent system £ | Mod7 OBTCEM | 3
n | L: ]
(power and readout) 08 uREE =
e Ry Preliminary
0.4 =
Noise figure same as for 02f i ﬁibdzg E
standalone chip oF . T
0 2 4 6 8 10 12 14
Noise [e]
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TPC Upgrade .X

* Goal: replace existing MWPC-based
Readout Chambers and Front-End
Electronics in LS2 to allow continuous
readout of Pb-Pb collisions at 50 kHz in
RUN3 and 4

READOUT WIRE
\\CHAMBERS

CENTRAL HV
ELECTRODE

» Technical solution: 4-layer GEM detectors

INNER FIELD
CAGE

€Y 3 ¢
- mfm/’w Yy
€V ™ Y
= & e @& -

Electron microscope photograph of a GEM foil



GEM and Readout Chamber production n:uce

almost 50% of GEM foils produced in CERN PCB workshop (total 720)
RO Chamber assembly ongoing, first 5 final chambers completed and tested
completion of Readout Chamber production in August 2018
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ROCtests at P2

% o:— + G4T (100%) -
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. s | ste | | OROC2
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- SR
(pp up to 70 Hz/ub) *E z o 3
. 2;— o) N > N
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Front-End Electronics .X

ALICE
« New Front-End Electronics with SAMPA ASIC for continuous data readout
« SAMPA + FEC + IROC system test shows very good noise behavior in the

6 Front-End Cards
mounted on IROC

K, line
. i FEC Revl
- N
1800— |
L 55Fe spectrum _htot 1
1600 ) | Enes 70 P e e —
C R,aasn 141 :7 | % 200 :79.38 + 9.46 (11.92%) 3
1400; 3 B o 180 1201511289 (10.73%) |
1200 } { 160~ Separation: 3.65 ¢ =
r i 140 —
1000~ = 120 3
a0 Ar escape peak E 100E 3
600~ - 805 Preliminary E
E K; line 7 . 60— E
o P E 3 e-T separation s« IROCHFEC@PS 1
" | E IROC+FEC@PS atlGeV/c = A
o5 oot L T e L e 500 Y S T P B P P i, % 500 250 300 850 400
ADG surm 0 10 20 30 40 50 60 dE/dx (a.u)



AlLarge lon Collider Experiment

Front-End Electronics HCLICE
— SAMPA V3 —_—
» delivery at CERN on 19/10
« ADC: performance improvement

« Bandgap: performance improvement

» Digital: single event latchup sensitivity improvement
— SAMPA v4

» delivery at CERN expected today!

* In addition to V3, high input rate improvement

: ¢, 32 channels

[ ADC

\ 1OMSPS

Ny N -y - |

N—
FEC Shaping time control + Gain control
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0?2 System

Requirements

1. LHC min bias Pb-Pb at 50 kHz

2. very small signal over background
-> triggering not possible

3. support for continuous read-out

New computing system
=>» read-out the data of all interactions
= compress data intelligently

-> online reconstruction

= common online-offline computing system
> 02

Unmodified raw data of all interactions shipped from
detector to online farm in triggerless continuous mode

HI run 3.4 TByte/s ﬂ

Baseline correction and zero suppression
Data volume reduction by zero cluster finder.
No event discarded.

Average compression factor 6.6

500 GByte/s ﬂ

Data volume reduction by online tracking.
Only reconstructed data to data storage.
Average compression factor 5

100 GByte/s ﬂ

Data Storage
1 year of compressed data

120 GB/s ﬂ ﬂ 200 GB/s ﬂZOGB/Sﬂ

Tier 0, Tiers 1 and Asynchronous (hours) event
Analysis Facilities reconstruction with final
calibration

Detector Electronics
9000 GBTs links

U

270 First-Level Processors
Hw acc: FPGAs

=

Switching Network

=

1500 Event Processing nodes
Hw acc: GPUs

<&

Switching Network

<&

Data storage
Wr 120 GB/s Rd 320 GB/s
Capacity: 60 PB
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02 Software and Firmware
Detector read-out

Performance test with 1 FLP and 2 CRUs
each with two channels PCle Gen3 x 8

Measured channel throughput
6.50 - 6.95 GB/s out of a
maximum of 7.8 GB/s

Total bandwidth of 27 GB/s
(20 GB/s is needed for the TPC without
data compression)

First detector readout test with GBT and
CRU performed with the ITS Read-out Unit

Test in progress with the TPC FEC

FA | ALICE RRB | 25 October 2017

Up to 120 W
dissipation

Avago Minipods
4x 12 TX, 4x 12 RX

Arria 10 FPGA
10AX11584F4513SG

x16, Gen3 PCle
(CEM rev 3.0)

48 optical outputs (MTP) 128 Gbl/s

48 optical inputs (MTP)

Throughput as function of superpage size

27.3 7.1
A‘
27.2 N —_7
27.1 ; 6.9
w27 6.8
@
g 26.9 / 67
3 268 6.6
=
2 267 6.5
(<]
£ 266 ——Card 1/chan. 1 Card 1/chan. 2 6.4
g 26.5 = Card 2/ chan. 1 Card 2/ chan. 2 6.3
= = Total
264 6.2
QL -Q QLR R R
FEEIELIEILIELE I EEEE S
N N A R A R O S I RS

Superpage size

Channel throughput (GB/s)
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02 Software
Tracking and Data Compression

» TPC tracking

= HLT TPC tracking code adapted to the O?2
framework including many improvements

= Efficiency already equivalent to that of current
reconstruction (or better at low py)

= More development under way to improve
resolutions, particularly in Pb-Pb
» TPC data compression : target factor ~20 wrt TPC
zero-suppressed data
= Requires good efficiency for secondary tracks

= Thanks to a better noise suppression and some
format optimization the current compression was
improved by 40% (5.18 — 7.28).

= With improved data representation and compression
the reduction factor is now at 9.1

= The remaining factor ~2 is being pursued with two

approaches to discard clusters part of unusable tracks

FA | ALICE RRB | 25 October 2017

Efficiency (Primary Tracks)
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Conclusions

* Run 2 data collection proceeds smoothly

* physics harvest continues!

— new insights on QGP properties
* expansion, hadronisation
* response to initial geometry
« transport of heavy quarks
* response to magnetic field
— new insights on collective effects in small systems
» systematics of strangeness enhancement
» indications of collective effects for D, J/y
— new measurements in pp collisions

« multiplicity and event-shape dependence of p; spectra (- MPIs)
« proton pair correlations
» heavy flavour production

« all upgrade projects have entered construction phase
— proceeding according to plans
— little more than one year to go to LS2!!!
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Run:280235

Timestamp:2017-10-12 21:56:43(UTC)
Colliding system:Xe-Xe

Energy: 5.44 TeV

Thank you!




