ALICE

A JOURNEY OF DISCOVERY
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Ako sa kontroluju obrovske detektory v CERNe?
Kontrolny systém experimentu ALICE

Peter Chochula, Eurépske centrum jadrovych
vyskumov v Zeneve

Druhé Okna CERNu dokoran, Kosice, November 2015



Zapnuté




m budeme hovorit:

e to take jednoduche ?

si nie, ina¢ by sme si nemali o ¢om hovorit...







Takto nejako vyzera rozpad
Higgsovho bozonu

?ATLAS
EXPERIMENT

http://atlas.ch

Run: 189280
Event: 143576946
2011-09-14 12:37:11 CEST



and

Tile calorimeters

LAr hadronic end-cap and
forward calorimeters

LAr electiromagnetic calorimeters

Toroid magnets
Muon chambers Solenoid magnet | Transition radiation tracker

Semiconductor fracker




A toto je kamera, ktora to videla
(ATLAS - CERN)
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'Aj toto je kamera, ktora to vidi (CMS-
CERN)

CMS DETECTOR STEEL RETURN YOKE

Total weight : 14,000 tonnes 12,500 tonnes SILICON TRACKERS

Overall diameter :15.0m Pixel (100x150 pm) ~16m* ~66M channels
Overall length :28.7m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers

PRESHOWER
Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

\)

‘

\ ~\\
CALORIMETER (ECAL)

~76,000 scintillating PbWO, crystals

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels



Aj toto je kamera, ktora to videla
(CMS- CERN)




Takto nejako vyzerali procesy v kvapke

prahmoty miliontinu sekundy po vzniku

VVesmiru (pri teplote 100 000 krat vyssej
nez v strede hviezd)
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A tato kamera to zaznamenala

(ALICE- CERN)

Detektor:

Rozmery: 16 x 26 m (niektoré
komponenty su nainstalované
>100m miesta zrazky)
Hmotnost: 11,000 ton

PocCet sub-detektorov: 20
Magnety: 2

Kolaboracia
Clenovia: >1500
Institaty: >140
Krajiny: >37




ALICE - Heavy ion experiment at LHC

Pb+Pb @ sqrt(s) = 2.76 ATeV
2010-11-08 11:30:48
Fill : 1482

Run : 137124
Event : 0x00000000D3BBE693




ALICE - Heavy ion experiment at
B C




> Ccastice, ktore
bodové rozmery?
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/// Pri vySetrovani nehody Casto vidime len jej dosledok

Detekcia Castic vychadza z podobnych myslienok

Castice po prechode latkou zanechavaju stopy, ktoré Sikovnym spdsobom
premenime na lahko spracovatelny (elektricky) signal.

V typickom experimente sa na detekciu Castic vyuzivaju rézne technoldgie ,
) .

... dokdzeme zistit pricinu


http://www.myspaceantics.com/image-kid-wants-some.jpg.html

lonizacia — odtrhnutie elektronu z
atomu

*Ak dodame elektronu energiu, moze sa
uvolnit a zanecha po sebe kladne nabity idn

Volny elektron

*Pri prechode nabitej Castice plynnym
prostredim dochadza k ionizacii pozdiz jej
drahy
—Elektrony a kladne nabité iony tvoria
zakladné komponenty detekovaného
signalu



S vyuzitim plynu...

» Castica preliatavajtca plynom vytvara ionizaciu
e Elektrony driftuju k andde, iony ku katode
e Ak nahradime katodu vlaknami, vieme merat

miesto dopadu elektronov a tym aj polohu
povodnej Castice

(]
katoda
l6ny By +
[
eIektrc’myJ, ++




Kombinaciou materialu, napriklad
scintilatorov a prekazok....
(Elektromagneticky kalorimeter)

Terc

scintilator

Castica prechadzajica materidlom vytvara spféku
sekundarnych castic
V terci sa sprska rozvija

Scintilator registruje prelietavajuce Castice ako zablesky svetla



scintilator

photocathode P y
node anode
scintillator !

Fotondasobic

(zariadenie na
konverziu foténov

na elektrény)

kalorimetra

f’ A'. Modulé-(l:-il;\ﬁlsaéného

http://www.reak.bme.hu



... Alebo s pouzitim polovodicov

Pasivacny oxid
(100-200 nm)

*Princip podobny ako v plyne, Castice
vytvaraju pary elektron-diera

*\/lakna su nahradené strukturami na =——————
povrchu polovodica (stripy, pixle...)




Modul stripového detektora pre ALICE




Pixlovy detektor

R *Elektrédy v tvare malych p
poskytuju priamo dvojrozme
informaciu

*Prepojenie pixlu s elektroniko
realizuje prostrednictvom mikro
gulécCiek (bumps) s priemerom
niekolfko mikrometrov
*Moderné detektory maju elektro
integrovanu priamo v pixloch

Pixlovy Cip
pre ALICE

8192 pixlov!



Detekcné techniky sa kombinuju, aby
sme ziskali Co najpresnejsSie udaje o
polohe, type a hybnosti castic

...ten umi to a ta zas tohle
a vSichni dohromady udélame moc...




Experiment sa sklada zo sub-detektorov

e Kazdy ma svoju ulohu (meranie polohy,
energie, typu Castice...)

e \/ysledna informacia sa posklada z Ciastkovych
udajov




... od malych ...

Pixlovy detektor ALICE
1200 cCipov

10 000 000 pixlov

50 milionov konfiguracnych parametrov §
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... Cez vacsie ...

(TPC ALICE)
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ALICE

... aZ po




sa nam kompli

Zapnuté



0 zapiname?




Magnety
Napajacie zdroje
Chladiace systémy

Senzory (teplota, tlak, radiacia)
Logické kontroléry...




- Elektronika pre spracovanie dat
+ Detekcné moduly
 Riadiace obvody

« So vSetkymi komunikujeme cez rozlicné
datové zbernice
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€ zariadenia su natolko intelige
do nich nenahrame konfiguracne d&
edia ani ako sa zapnut




Sucasne zariadenia su natolko inteligentne, ze
kym do nich nenahrame konfiguracné data,
nevedia ani ako sa zapnut

Poznamka pod cCiarou:

Pred tymto efektom nas uz varovali
predchodcovia: Kazdej nemuze bejt chytrej," Fekl
presvedcive Svejk, ,ti hloupi museji delat vyjimku,
ponevadz kdyby byl kazdej chytrej, tak by bylo na
svete tolik rozumu, ze by z toho byl kazdej druhej
clovek uplné blbej."



Takze zapnutie sa nam komplikuje

| Skonﬁgurua >|ZAPNI iZapnuté
I_S%&MENL Zapnuté
Vypnuté —S-K&.@f%&—:;\l

» ]

Zapnuté

|__Skonfiguruj ZAPNI ) ,
Zapnute

Zakladna konfiguracia pre ALICE obsahuje > 1GB surovych parametrov

Vacsina parametrov sa pise paralelne do viacerych zariadeni
Najvacsia cast konfiguracnych parametrov sa ziskava on-line



mame ¢o zapnut, ako to sprz




Control

Driver

Driver

DIST

Control

Driver Driver

Jadro kontrolného systému tvori SCADA
produkt WINCCOA (SIEMENS)

Zakladny systém sa sklada z manazérov

« Specializované moduly s presne
definovanymi Glohami

Viacero WINCCOA systémov je
prepojenych do jedného distribuovaného
systému

100 WINCC OA
systémov

>3000
manazérov



Pre kazdy detektor vytvorime
autonémny systém




Centralny systém je pripojeny na vSetky
detektorové systémy a ma pina kontrolu
nad ich fungovanim




EERRERRR RS

Centralna
databaza

AEERERERREEE = N0

ORACLE ulozisko:
256 TB

il

Centralny servis obsahuje ~170 serverov
Riadiace pocitace pre WINCC OA a Frontend
sevisy
ORACLE databaza
Ulozisko dat
IT infrastruktdra (siet, PDU, UPS ...)
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ALICE S|I|con Plxel Detector (SPD)

» 2 vrstvy

\/zdialenost iba 2.5 cm a 7 cm od
zvazkov

10 000 000 pixlov kontrolovanych
1200 cipmi

Speaalna technolé dg|a pre pripevnenie
¢ipov - bump bon

»  Tepelné straty 1.3kW

Totalna hrubka detektora
(200+150)um

Vzrast teplory 1°C/s v pripade
vypadku chladenia 2if connector

Pixel Bus
Ostava menej ako 1 minuta na reakciu,

inac¢ déjde k nezvratnému poskodeniu
detektora !

External chain




ALICE Transition Radiation Detector

® > 500 komor, 760 m?
*28 m3 plynovej zmesi na baze Xe
*1.2M elektronickych kanalov

DCS control board ! S 2
*65000 MCM I (~750 pouzitych v ALICE) I ol

©17TB/s surovych dat
250 000 procesorov

*89 napajacich zdrojov
* ~65 kW tepelné straty

e L

Citacie karty




atomarne akcie vyzaduji komplexni logiku:

Niektoré detektory musia byt chladené nez zapneme napiitia
A*XL*E
Iné detektory zmrznd ak nemame najskor zapnuté napatie

Neskonfigurované ¢ipy moézu zhoriet ak zapneme napitie
AXL*E
Viadsina Cipov sa da skonfigurovat az po zapnuti




2 atomarne akcie vyzaduju komplexni logiku:

Niektoré detektory musia byt chladené nez zapneme napitia
A*L*E
Iné detektory zmrzni ak nemame najskor zapnuté napatie

Neskonfigurované ¢ipy moézu zhoriet ak zapneme napitie
AXL*E

;/7 ABRAKA l\\

ZAPNUTE




ZAPNUTE

Povodne jednodychy problém sa komplikuje.
Musime vziat do ivahy odpojené Easti a zavislosti medzi systémami.

Som na to autorizovany?
Je chladenie OK?
Je LHC OK
St magnety OK?
V akom stave je zvysok
ALICE, berieme data ?
Je radiacia OK?

ZAPNUTE




yperator Co
n poradi urobit?




Hierarchicky pristup
control

Detector

Zakladom je CERN toolkit

|V

Kazdy uzol sa modeluje ako

Subsystem

35\\

Model integrovany s WINCC OA

(simplified) TOP LEVEL
RESET

GO_STB ERR

BEAM
Tuning

SINGLE CHANNEL FSM

CONFIGURE
p RESET

ERR

RAMP

"
RAM DWN

up

= on

GO_S5TB




cky model je nadstavbou nizsej urc




Simplifled complexity

The behavior of controlled
objectsis modeled as a
finite state machine (FSM)
At the channel level, the
logic is simple

Channel

.) hHh T
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< l n



Simplified complexity

Devices need to be
configured (target values,
trip limits...)

Channel
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Simplified complexity -Seer_gSs=T

_‘me

{==m= Calibrate Lo caiibrating
| Restore oo <

« The detector FSM covers <=

advanced actions related — —— ]
to its operation Lo

Ramp UP Go OFF
_Ii

conoune |

» o N\ mr‘sﬁu :
ke K




... and finally the
experiment ...

Are the magnet
settings compatible
with datataking?

Are radiation levels
within tfolerance?

Are safety systems OK?

What is the status of
LHC?2

The state of the experiment depends on:
The state of each subdetector, each
having its own control logic
Infernal and external services

ALICE online and offline systems... s the infrastructure OKe



1 centralny DCS

uzol

25 systémov

130 subsystémov

50000
kontrolovanych




ALICE DCS operation

The DCS is operated by a single

operator

In 2015 more than 150 operators

were frained to ensure the 24/7

operation

« Most of the operators did not

have prior experience with the
DCS

The intferface to the DCS is based
on set of infuitive graphics
interfaces

From a single screen, the operator
can access all controlled
parameters

1211211211 3113
3313151 5|3(5)
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The Alert and Event Screen (AES)

4} ¥ision_1: fwalarmHandling’, fwaAlarmHandlingGroupsScreen.pnl

Module Panel Scale Help

58

B 8§ C®_{ E|as DO & K/ L 1

Aco - _ Emc - Fmd Hmp - Lhc - Acknowledge ~ §| ‘ P '@-‘_| @‘
1 alerts 2 alerts 0 alerts 0 alerts 2 alerts G alerts —Mode [-]
1 unack, new 0 unack; 2 new 0 unack; 0 new 0 unack; 0 new 2 unack;, new S unack, new

e o o _— &+ Current Alarms
201210308 221137 201 20031 2 051204 20120312 05:51:27 201240305 14:37:09
" Histarical Alarms

Mch > Mtr > Phs @ Pmd Sdd @ Spd @

36 alerts 0 alerts 0 alerts 31 alerts 0 alerts g alerts

23 unack; 9 nesw
201210311 04:25:40

0 urack; 0 new

0 unack; 0 new

29 unack; 2 new
201240303 12:11:09

0 unack; 0 new

Sounack; new
201240311 081653

Select Time Range. .. |

|

Ssd = T0 < Tof = Tpc Trd = Tri <
0 alerts 0 alerts 1 alerts 12 alerts 135 alerts O alerts
0 unack; 0 new 0 unack; 0 new 0 unack; 1 new 1 unack; 11 new 91 unack; 7 new O unack; 0 new
20120312 02:458:03 2020312 020319 20120312 08:20:09
VO - Zde -

0 alerts 0 alerts
0 unack; 0 oeyy O unack: 0 new

KaZda monitorovana hodnota sa porovna s nastavenymi limitmi |
oh 35 V pripade anomalie je operator informovany prostrednictvom Specialneho interfejsu Che[ <]
E [pm{ AES obsahuje vSetky udaje o anomalii a inStrukcie pre operatora m
E m V pripade neskorej reakcie operatora zasiahne bezpecnostny systém a ohrozena Cast’ detektora |—
E [pm{Sa vypne B
E |pm ]
E [pm 7
E pmd pre’ELMBS T Ivbdbus UV ELNIE06E. S UL T2 LARAIN TRIFFEYWWERMNT |- UZbE0L i U030 1200 30 2944
E |pmd_pre. ELMB/my_lvbdbus VELMESE/Z MOD._15 CHAIN TRIPPE[WENT [-0.020221 | Il |2012/03/09 12.00:46 944
E [pmd_pre:ELMB/my_Ivbdbus O/ELMBSESA WOD. 15 CHAIN TRIPPEWWENT |-0.029221 - [2012/03/09 12:00:46.844
E |pmd_pre: ELMB/my_lvbdbus VELMESE/2 MOD. 15 CHAIN TRIPPE[WENT |-0.026 Il |2012/03/09 12:00.46 544
E |[pmd _pre:ELMB/my_Ivbdbus Q/ELMBSESA WMOD. 15 CHAIN TRIPPEWWENT |-0.029065 20120309 12:00:45.944
E [pmd_pre:ELMB/my_Ivbdbus O/ELMBSESA WOD. 15 CHAIN TRIPPEMWWENT |-0.028455 - [2012/03/09 12:00:47 844
E |pmd_pre: ELMB/my_lvbdbus VELMESE/2 MOD. 15 CHAIN TRIPPE[WENT [-0.026532 | Il |2012/03/09 12.00:47 944
E |[pmd _pre:ELMB/my_Ivbdbus Q/ELMBSESA KMOD. 15 CHAIN TRIPPEMWENT |-0.026474 20120309 12:00:47 944
E [pmd_pre:ELMB/my_Ivbdbus O/ELMBSESA WOD. 15 CHAIN TRIPPEWWENT |-0.023 - [2012/03/09 12:00:47 844
E |pmd_pre: ELMB/my_lvbdbus VELMESE/2 MOD. 15 CHAIN TRIPPE[WENT [-0.028305 | Il |2012/03/09 12.00:47 944
E |[pmd _pre:ELMB/my_Ivbdbus Q/ELMBSESA KMOD. 15 CHAIN TRIPPEMWYENT |-0.02739 20120309 12:00:47 944
E [pmd_pre:ELMB/my_Ivbdbus O/ELMBSESA WOD. 15 CHAIN TRIPPEMWWENT |-0.02738 - [2012/03/09 12:00:47 844
E |pmd_pre: ELMB/my_lvbdbus VELMESE/2 MOD. & CHAIN TRIPPEL|CAME |5.138762 2012/03/09 12:01.04.575
E |[pmd _pre:ELMB/my_Ivbdbus Q/ELMBSS/A WMOD. 8 CHAIN TRIPPEL CAME |5.140919 20120309 12:01:05.975
E [pmd_pre:CAEM/CAENHYPS/branchCont HvhAX ERROR WWENT |[FALSE I [2012/03/09 12:11:09.158
E |mch_hwlvRight: CAEN/alidcscael2 fhoar Bad WWERNT |[TRUE 20120309 15:02:31.530







The ALICE DCS sca

e —
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19 autonomous
detector

120 WINCC OA
systems

embedded
computers

1200 ne
attached

300 000 OPC
and frontend

1 000 000
supervised
parameters




Fajn, uz vieme zapnut experiment.
Takze co vlastne dalej robi kontrolny
systém?



Kontrolny systém experimentu

Zodpovedny za bezpecnu prevadzku experimentu
Bezpecnost l'udi
Bezpecnost zariadeni

Zodpovedny za stabilnu prevadzku experimentu

Zodpovedny za nepretrzitu prevadzku
experimentu

Funguje autondmne, mo6ze byt riadeny jedinym
operatorom

Kde je to mozné, pouziva priemyselné standardy

Je vybudovany ako spolupraca medzi ustavmi
participujucimi na experimente a CERNom



A este jeden citat , J. Cimrman

Uz v C.K. monarchii bol zrejmy vyznam
kontrolnych systémov

Z projevu inzenyra Maliny, zastupce
Elektrickych podniku v obci Liptakov:

vazeni obCane, vzacni hosté, s elektrinou je to proste:
od pantaty vedou draty do zarovky nade vraty,

odtud proud se preléva do stodoly, do chléva,

pri kratkém spojeni dvou dratl dochazi k takzvanému zkratu,

kdo ma pojistky nami predepsané, tomu se pri zkratu nic
nestane,

kdo si tam nastrka hrebiky, vyhori a zacne od piky.
Do kazdeé rodiny elektrické hodiny!



A dalej?

ALICE prejde v roku 2018 masivnou modernizaciou
Napriklad

25 Gigapixlov

10 Megapixlov



The ALICE O2 Project

High no. channels
High bandwidth
(500 Gbits)

High level-1 trigger ‘
i1 MHz)

Large data archives
(PetaByte)
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The ALICE O2 Project e
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High level-1 trigger |

ALICE

i - Upgrade of the
5 Online - Offline computing system

ALICE 2007-2017

{1 MHz) '
LHCb

HERA-B
€

High no. channels
High bandwidth
ATLAS (500 Gbits)
CMS

Large data archives

(PetaByte)

ALICE 2019-2027

LHC will provide for RUN3 ~100x more
Pb-Pb collisions compared to RUN2
(10°-4.10"" collisions/year)

ALICE O2 Project merges online and offline into one

large system
 TDR approved IN 2015'!

Some O2 challenges:
* New detector readout
+ 8400 optical links
 Datarate 1.1TB/s
« Data storage requirements: ~60PB/year




The O2 architecture

« 1250 Event Processing
Nodes (EPN)
250 First Level + ~100 000 processor cores
processors (FLP)

Detectors

Network

FTP

Trigger Detectors




DCS In tThe context of O2

|

DCS provides input to O2

fam = ~100 000 conditions parameters are
requested for the event reconstruction
Data has to be injected into each

RTE 20ms data frame
| fe |

FTP

Trigger Detectors




PreCcoiics

UEF SAV
VYVOJji n
ALICE




olko som chcel povedat na Uvod




Particie

ALICE kontroluje jediny
operator

N Problematicka ¢ast je
odpojena od systému

Expert kontroluje
odpojeni ¢ast na

X .




f Layout of LHC Injection Transfer Lines

§  combi
over 70

Uréité operacia LHC mozu byt
S nebezpecné pre ALICE

T8 c,?(/

Detektory sa musia pripravit na
 nebezpecné situacie (zmena napaitie,
ina konfiguracia)

Odpojené casti nereaguji na prikazy
operatora!




DCS-0O2 interface

ALICE DCS Storage System
(ORACLE)

L . ——y
N ured vl I LT ——
e ot O e
:i\: "I 1 E -.-“ m :
= b > ‘ 3 B N

w.
N\

AN
SN RN, SR
AN AN AN

The ALICE Data Collectorreceives
data from the DCS
+ Depending on the type and

priority of the data, the Data
ALICE Data Collector Collector can connect to

and Publisher different layers of the system

A process image, containing
conditions data is sent to O2

Processimage |




... each detector has
specific requirements ——

<N — N —
| Restore ||
e
e — v— TS > —
] =] Restore faas AN <
m
J(

I_m Calibrate — e —————
Restore

For example to restore from SAFE:
« Some detectors end in Configured state

Other detectors need special
configuration Detector

Other do not change state at all...



