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Greitintuvy kompleksai

ALICE LHC-b

AWAKE  fowards

e (2016) Gran sasso

Viskas reikalinga tam, kad jvykty ...
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\MS Experiment at the LHC, CERN

-08.02:25:58.839811 GMT (04:25(68 GEST,
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Detektoriai

Detektorius — eksperimento rezultaty registravimo prietaisas.

Reikalingi:
e UZfiksuoti vykstancia fizikine realybe

Padeda:
e Suprasti ,pasléptus” reiSkinius/gamtg

Gali:
e Matyti” priklausomai nuo masy gamtos suvokimo
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Detektorius — eksperimento rezultaty registravimo prietaisas.

Reikalingi: (Eksperimentas)
e UZfiksuoti vykstancia fizikine realybe

Padeda: (Teorija)
e Suprasti ,pasléptus” reiSkinius/gamta
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Detektoriai

Siame pristatyme paméginsime

apzvelgti daleliy detektorius — aptarti, kg jie gali ir kodél.

Pastebéjimai
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Detektoriy Sgveikos
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Supaprastinta Detektoriaus Schema
Modulis
Aktyvi terpé
PralekiancCios dalelés palieka ,pédsakg”

N

Terpés aptarnavimas
Aptarnaujanti elektronika

v

Moduliy aptarnavimas
Jv. aprupinimas, signaly perdavimas

!

Moduliy/signaly valdymas, informacijos apdorojimas
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Jmanomos Elementariosios Sgveikos
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Jmanomos Elementariosios Sgveikos

4

e

<

e Sklaida
e e
e Anihiliacija >WW
e
e Naujy daleliy sukarimas . Ve
e
TN, e
\w‘\\b
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Makrosgveikos (1)

Fotonai:
e Komptono sklaida
e Fotoelektrinis reiskinys
e Pory gamyba

Kravininkai:
e Sklaida — labai nepageidaujama
¢ Jonizacija (iSmuSa elektrong i§ atomo)
e Suzadinimas (suzadina elektronus ) aukStesnes orbitales)
e Fotony spinduliavimas:
o Bremsstrahlung (krGvininky judéjimas su pagreiciu)
o Peréjimo spinduliuoté
o Cerenkovo spinduliuoté (virSija Sviesos greit) terpéje)
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Makrosgveikos (2)

Hadrony saveikos:
e Stiprioji sgveika dél neelastiniy branduoliniy sgveiky:
krhv) turinCios skeveldros uzfiksuojamos.

Neutrinai:

¢ Nesgveikauja.
e Matomas energijos/impulso deficitas.
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Kaip Susiprojektuoti Detektoriy?

Reikia zinoti:
e Fizikos uzdavin)
¢ Fizikinius objektus/daleles
e Technologijas
® Duomeny rinkimo specifika
* Apkrova
e Eksperimentines saglygas
e Kolegy planus
e Biudzetg
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Detektoriai
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Detektoriy Rasys (1)

Skirstomi pagal

* Tipg
o Trekinimas
o Kalorimetrija (vienalytis, méginéliais)
¢ Technologija
Dujinis
Kristalinis
Puslaidininkinis
Metalinis
Scintiliacinis/Sviesolaidinis
Egzotika

[¢]

O O O o o
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Detektoriy RaSys (2)

Skirstomi pagal

e Fizikinius objektus/daleles
o Elektromagnetinis
o Hadroninis
o Muoninis
o Kravininky trekeris
¢ |okacijg
o Vidinis
o ISorinis
o Backos
o Dangtinis

Galimos visos kombinacijos i§ auk$€iau pateikty elementy
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Kompleksiniai Detektoriai (,Eksperimentai”)

Skirstomi pagal

¢ Fizikos uzdavin)
Bendrosios paskirties
Sunkiyjy jony
PreciziSkiems matavimams
Specializuoti

[¢]

O O O

Nuo konteksto:
ne kompleksiniai: subdetektoriai, sistemos, posistemés.

Kompleksiniai detektoriai paprastai registruoja visy tipy daleles.
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Uzfiksuotas ,Kadras”

CMS Experiment at the LHC, CERN
Data recorded: 2012-May-27 23:35:47.2'
Run/Event: 195099 / 137440354
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Detektoriy Magnetai — Specialus Komponentas
A Toroidal LHC Apparatus (ATLAS) Compact Muon Solenoid (CMS)
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Detektorius: KompaktiSkasis Muony Solenoidas
CMS detektorius su iSpjova 40 MHz

CMS DETECTOR STEEL RETURN YOKE

Total weight ~ : 14,000 tonnes 12,500 tonnes SILICON TRACKERS X
Overall diameter :15.0m Pixel (100x150 ym) ~16m* ~66M channels

Overall length ~ :28.7m Microstrips (80180 ym) ~200m” ~9.6M channels

Magneticfield  :3.8T

SUPERCONDUCTING SOLENOID N20 p—p

Niobium titanium coil carrying ~18,000A

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

X

p—p = ~200
s aum e omanes - Skeveld ry

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

~100 Tb/s

Galutiné
dalelé
v [ 1.5-5% @ 60 GeV
e | 2-4% @ 10 GeV
u | 1-1.5% @ 10 GeV
j | 0(10)%

CRYSTAL
ELECTROMAGNETIC
CALORIMETER (ECAL)
~76,000 scintillating PBWO, crystals

Rezoliucija

HADRON CALORIMETER (HCAL)
Brass + Plastic scintillator ~7,000 channels
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Key: m m m m
Muon
Electron
Charged Hadron (e.g. Pion)

— = = - Neutral Hadron (e.g. Neutron)

----- Photon

Silicon
Tracker

Electromagnetic
]\! ]' Calorimeter

Hadron Superconducting
Calorimeter
Transverse slice

lenoid
through CMS

Iron return yoke interspersed
with Muon chambers

Aurelijus Rinkevicius (Cornell U., Vilnius U.)

Daleliy detektoriai

2019-03-11

22/38



Jvadas Detektoriy Saveikos Detektoriai Anatomija Pastebéjimai
000000 000000 0000000080 000000000 000000

Bendrosios Paskirties Detektoriai
CMS

Daleliy detektoriai 2019-03-11 23/38



Jvadas Detektoriy Saveikos Detektoriai Anatomija Pastebéjimai
000000 000000 000000000e 000000000 000000

Specializuoti Detektoriai

e Sunkiyjy jony tyrimai ¢ Didelés rezoliucijos tyrimai
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Anatomija arba Subdetektoriai

(Pagrindinys démesys | CMS)
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CMS Magnetas

Superlaidus solenoidinis magnetas, B=4T

Srovés stipris: 20 kA

Superlaidininkas: NbTi (~4 K)

Matmenys: 13 x 4 m — talping treker) ir kalorimetrus
¢ Kaina ~80 MCHF
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Puslaidininkinis Trekeris

v . . . . Esminiaifaktai:
oy -
\il I| \il I| I| I! \i! \i! I E

e Silicio sensoriai (juostos,

AR pikseliai).
W ‘Tff e Junta kravininkus: e*, p*,...
NIERRE * Impulso matavimas.

§848-888

HH

lonisierendes Teilchen
Al Auslesestreifen

SiO2 - Isolator
Kapazitive Kopplung

n+ Lage(oder Streifen)

Metallage (oder Streifen)
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Pilna Pirmos Fazés Pixel Detektoriaus Schema
12 ch fiber
Flex cable 8x ribbon 2x  De-serializer

]
<
a
g
=
)
O

Modules  8x
TBMs 8x
HDI 8x

ROCs 128x

I
: ! Underground Service Cavern
Racks - uTCA

Half Disk Service Cylinder
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Elektromagnetinis Kalorimetras (ECAL)

Esminiai faktai:
e Svino wolframato kristalai
(PbWO,).
e Matuoja energijg: e*, v
S (radiacinis ilgis: 25X,).

ae
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Esminiai faktai:

e Plastikiniai scintiliatoriai
suspausti zalvariniais
sugertuvais.

e Matuoja (hadrony) energija:
pt, n%, 7%, K mezonai.

Sampling Calorimeter

absorber plates

/‘ 1 x 'Jjefjdor“p(cnes

hadron

detektoriai 5. Orr 2009 TRIUME Summer Inssiate 2019-03-11 30/38
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Muoninis Detektorius

n 01 02 03 04 o0s 08 07 08 09 10 11

0 By TEE Ta¢ @7 625 S5 828 44 43 a4 368 N
12 335

R (m)

s 13 305

- Esminiai faktai:
= * Dujiniai detektoriai.

== ® Svarbu miuony identifikacijai.
° Naudojama greitame filtre.

o

cathode

¢t siemm

£ o0 X

E o s e oo o0 o oo oo o o o o wires

3

N I cathode

/warge
cathode with strips
5o 16 mm , avalanche
wires
" . - 7 15190 6 _ .
Aurelijus Rinkevigius  (Cornell 0 ViniteD.) Daleliy detektori® TOTORse fafhode 31 /38
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Filtras (Trigger)
Vienas )vykis/susidurimas ~ O(1) Mb duomeny.
e Susidurimai vyksta 40 MHz dazniu.
¢ Pirmos pakopos filtras ,karstas” (online): 100 kHz.
Naudojamos sistemos: miuoniné, ECAL, HCAL.
e Auksto lygio filtras labiau sofistikuotas (offline): 300 Hz.

Panaudojamos visos sistemos. Apytikslé ,pilna”
‘ I ‘ ,
|
3 ]
‘ \
| ‘L nnu‘

rekonstrukcija.
2019-03-11 32/38
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. 40 MHz
COLLISION RATE
100 kHz

LEVEL-1 TRIGGER

DAQ accepts
1 Terabit/s
(50000 DATA CHANNELS)

500 Gigabit/s

HLT (High Level Trigger) designed for
about 100Hz

- Reduction factor 1000

~2000 CPUs

Gigabit/s SERVICE LAN

Aurelijus Rinkevicius (Cornell U., Vilnius U.)

Detektoriai
0000000000

Schematiskai

Detectors

[ ATTESS

Charge  Time Pattern

i

Energy  Tracks

Anatomija Pastebéjimai
000000000 000000

16 Million channels
3 Gigacell bu ers

1 Megabyte EVENT DATA

200 Gigabyte BUFFERS
500 Readout memories

EVENT BUILDER.A large switching
network (512+512 ports) with a total throughput of
approximately 500 Gbit/s forms the interconnection
between the sources (Readout Dual Port Memory)
and the destinations (switch to Farm Interface). The
Event Manager collects the status and request of
event lters and distributes event building commands

Computing services
'] 1al

to RDPMs

5 TeralPS
EVENT FILTER. it consists of a set of high

performance commercial processors organized into many
farms convenient for on-line and o -line applications.
The farm architecture is such that a single CPU
processes one event

Petabyte ARCHIVE
2019-03-11
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Jvairus Pastebéjimai
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Pasidaryk Pats
LHC sistemos yra ,pasidaryk pats” tipo:

o Nuo detaliy iki prog. jrangos (hardware, firmware, software)
Detalés yra savotiski prototipai (reikalinga kalibracija).
Projektuojant viska sunku numatyti.

Duomeny rinkimo sglygos keiciasi nuo laiko: 8, 13 TeV, ...

Begantls ta|k|nys
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From Physics to Raw Data

Pastebéjimai
008000

g 2037 2446 1733 1699
4003 3611 952 1328
t \é \--~i 2132 1870 2093 3271
—_— 4732 1102 2491 3216
2421 1211 2319 2133
Ho e 3451 1942 1121 3429
g 3742 1288 2343 7142
Basic physics Fragmentation' Interaction Wlth Detector Raw data
Decay detector material response
Multiple scattering, Noise, pile-up, Read-out
interactions cross-talk, addresses,
inefficiency, ADC, TDC
ambiguity, values,
resolution, Bit patterns
response
function,
alignment

* Really recorded raw data for ATLAS/CMS ~400 MB/s
- mainly electronics numbers

e.g. number of detector element where ADC (Analog-to-Digital converter) saw signal with

x counts...

Aurelijus Rinkevicius (Cornell U., Vilnius U.) Daleliy detektoriai
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Detektoriai

0000000000
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From Physics to Raw Data

2037 2446 1733 1699 g

4003 3611 9521328

2132 1870 2093 3271 t

4732 1102 2491 3216 \//— -
24211211 2319 2133 <=

3451 1942 1121 3429 © Ho
3742 1288 2343 7142 g

Raw data Detector Interaction with  Fragmentation Basic physics
response detector material pecay
Convert to apply Pattern, Physics Results
physics calibration,  recognition, analysis
quantities alignment Particle
identification
' Analysis
Reconstruction
Simulation (Monte-Carlo)
-

We need to go from raw data back to physics

- reconstruction + analysis of the event(s)

Aurelijus Rinkevicius (Cornell U., Vilnius U.)
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Apibendrinimas

e Dauguma naudingy detektoriy yra kompleksiniai.

¢ Detektoriy gebéjimai priklauso nuo Ziniy ir technologiju.

e Duomeny rinkimas ir apdorojimas yra daugiapakopis
procesas.
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Dékui uz démes)!
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