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Trumpa biografija

Keletas biografiniy fakty:
2010 BSc, VU Fizikos fakultetas.

2014 PhD, University of Florida, FL, USA.
“An Observation of a Higgs Boson in the H to ZZ to Four
Leptons Decay Channel and the Studies of Its Spin-Parity
Properties”

2015-19 Postdokas, Cornell University, NY, USA.

Kuruoja tris (Cornell) PhD studentus top—Higgs tyrimuose.
Ko-koordinuoja CMS ttH multileptony groupe.

Dalyvauja CMS pixel detektoriaus veikloje.
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¢ Vistoje ,dominuojanti” (?) saveika: gravitacija.
e Mus Zeméje supa ,jprasta” materija.
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e MaZoji visatos masés dalis! (0.5% + 0.03%)
¢ Akivaizdu, kas gamtos (i$ tiek) dar nesuprantame.
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Kaip mokslui tirti? g

Makrokosmosas Mikrokosmosas

Square Kilometre Array (SKA) Large Hadron Collider (LHC)
Kvadratinio kilometro masyvas Didysis hadrony dauzytuvas

Saveiky energijos tankis':
<— Mazos energijos Didelés energijos —

1Jégy stipris
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Kelias j daleliy fizikg (2) =

Atomai Subatominés dalelés

e ¢ elektronai

<= e p' protonai —

¢ 1n° neutronai

~120 elementy 37?
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Gamtos sandara Siuolaikinéje fizikoje g

oo

Bendroji reliatyvumo

Standartinis modelis teorija (gravitacija)

mass 2.4 MeV/c =1.275 GeV/c* =172.44 GeV/c* 0 =125.09 GeV/c*
charge |2/3 2/3 23 0 0
@I @II-@| @| @
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e J L JU P JLE 68
=4.8 MeV/c? 295 MeV/c* =4.18 GeV/c? 0
-1/3 -1/3 -1/3 0
QIO | @
down J strange bottom photon . .
- \ I\ )\ e Gravitonai?
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O @@ | @2 e Tamsios dal.?
112 12 12 1 =
electron muon tau L Z boson 9,
\ J \. J \ J o
2 <2.2eV/c? <17 MeV/c* <15.5 MeV/c? =80.39 GeV/c? o
0 0 0 +1 w
L. @I DI B[ @ |5
o =
electron muon tau
ﬂ . heutrino  J{ neutrino J{ neutrino | LWboson é
MedzZiaga + medziaga + sgveikos = 16 + 1 ?

o =] = =, =
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Kaip viskas veikia (daleliy fizikoje)?
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Kaip atrodo dalelé? g
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Girdéjote, kad dalelé yra banga?
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Kaip tai veikia?

e MedzZiaga yra sudaryta i$ dvejy daleliy grupiy:
o Leptony (pvz., e, ve) gyvuojanciy atskirai.
o Kvarky (pvz., u, d) gyvuojanciy tik grupémis.
(o Sios dalelés yra  sukinio. )

e MedzZiaga saveikauja per bozonus (sukinys 1).

e Bozonai gali sgveikauti tarpusavyije.
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Saveikos g

Zinomos saveikos yra keturios + 1:

*e Elekiromagnetiné per fotonus (y)
*e Silpnoji per W ir Z bozonus (W*, Z)

“o ,Inertiné” per Higgs bozonus (1) N
e Stiprioji per gliuonus (g) o

e Gravitaciné per gravitonus?
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Higgso mechanizmas (1)

e Pastebéta: silpnoji ir elektromagnetiné saveikos panasios.

e Apjungus j vieng matematinj mechanizmg gaunami ,geri”
rezultatai.

e Problema: W ir Z bozonai sunkus.

Sprendimas:
® Higgso mechanizmas = teisinga elektrosilpnoji sgveika.
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Higgso mechanizmas (2)

Minimalus ,, ” laukas turi keturias dalis:
e Trys sukuria masyvius (,suteikia mases”) W+ ir Z bozonus.
e Paskutinis — Higgso bozonas.

¢ Elem. dalelés masyvios dél sagveikos su lauku.
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Saveiky tyrimas (1): susidurimai
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Protonas 1 — <— Protonas 2
(V1, Pp,» Exin1) (V2, PP,» Ekin2)

1 TeV =~1000x ,sunkesni” protonai
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Kaip tiriama?

CMS Experiment at the LHC, CERN \
Data recorded: 2012-May-27 23:35:47.27%
Run/Event: 195099 / 137440354
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Eksperimentine infrastruktira
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Greitintuvy kompleksas g

ALICE LHC-b

AWAKE  towards

AD (2016) Gran sasso

<7.7T @ 1.9 K, ~2800 pluostai x 10'! protonai x 6.5 TeV

Visko reikia tam, kad jvykty ...
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Energingi susidurimai %

|_\\EMS Experiment at the LHC, CERN
L S \

\
~ 58,839811 GMT(04:25/b8 GEST,

D
N
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CERNe viskas — pasidaryk pats!
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Tipinis ,fotoaparatas” — kompleksinis detektorius
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%@;Detektorius: Kompatinis miuony solenoidas (CMS@
“ CMS su ispjova

CMS DETECTOR STEEL RETURN YOKE

Total weight 14,000 tonnes 12,500 tonnes SILICON TRACKERS 40 M H Z
Overall diameter :15.0m Pixel (100x150 ym) ~16m* ~66M channels

Overalllength ~ :28.7m Microstrips (80x180 ym) ~200m” ~9.6M channels

Magnetic field  :38T

CTING SOLENOID
Niobium ttanium coi carryng ~18,000A X

MUON CHAMBERS
Barrel: 250 Drift Tube, 480 Resistive Plate Chambers

Endcaps: 468 Cathode Strip, 432 Resistive Plate Chambers ~ 3 0—4 o p_p
PRESHOWER SUSIdDrlmQ

Silicon strips ~16m ~137,000 channels

X

p—p =~100
skeveldry

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels

CRYSTAL
ELECTROMAGNETIC

CALORIMETER (ECAL)
~76,000 scintillating PbWO, crystals

~100 Tb/s

HADRON CALORIMETER
Brass + Plastic scintillator ~7,000 channels

[m] = = =
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Transverse slice
through CMS

Aurelijus Rinkevicius

Charged Hadron (e.g. Pion)
— — — - Neutral Hadron (e.g. Neutron)

Silicon
Tracker

Electromagnetic
Calorimeter

Hadron Superconducting
Calorimeter Solenoid
Iron return yoke interspersed
with Muon chambers
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(Sub)detektoriy jvairové

Klasifikuojama pagal

* Tipg

- i e Fizinius objektus/daleles
o Trekinimas (pédsakas)

. . o o Electromagnetinis

o Kalorimetrija (monolitiné, o Hadroninis

mégineliais) o Miuoninis
* Technologija o Krivio trekeris

o Dujos e Lokacija

o Kristalai o Vidinis

o Puslaidininkiai o ISorinis

° gc(:eitn&::ﬁlatoriai o Bagkos (cilindrinis)
. o Dangtinis (diskinis)

o Egzotika

Visos kombinacijos i§ auksciau yra naudojamos.
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Kompozitiniai detektoriai (,eksperimentai”)

Klasifikuojama pagal

¢ Fizikos uzdavinius
Bendros paskirties
Sunkiyjy jony
Preciziniai matavimai
Specializuoti

[¢]

O O O

Pagal konteksta:
dalys: subdetektoriai, sistemos, subsistemos.

Kompozitiniai detektoriai paprastai aptinka visas daleles.
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Truputis CMS anatomijos...
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CMS magnetas g

Superlaidus solenoidinis magnetas, B=4T

Srové: 20 kA

Superlaidininkas: NbTi (~4 K)

Matmenys: 13 x 4 m — telpa trekeris & kalorimetrai
Kaina ~80 MCHF
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Puslaidininkinis trekeris g
vaow e ot Keletas fakty:
. e Sisensoriai (juostos, pikseliai).

AR

TEC+ e Jaudia” kl'lej: Ci, [l,:t,
H 7 e Matuoja impulsa.
o ¢ Tasky nustatymas.

4—/— pixel
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IS arciau

pikselinis detektorius
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CMS anatomija
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Treky atpazinimas

o

e >1000 jkrauty pédsaky per susidarima.
¢ Reikia atpazinti kilmés taskus.
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Pikselinis detektorius

0000000000000

&

¢ Didelis tasky tankis — pédsaky pradzia

e Arti reakcijy: 1-asis sluoksnis r; = 3 cm
* Matmenys: 104 x 32 cm

Aurelijus Rinkevi¢ius  (Vilniaus universitetas)
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Pikselinis detektorius g

wNive,

¢ Detektorius sudarytas iS moduliy
¢ Kiekvienas modulis turi 66 560 px

o 2(2cm) x 8 (6.6 cm) x 80 x 52 px
o 1px=100 x 150 um

* 672 FPIX, 1184 BPIX moduliai
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Supaprastinta detektoriaus schema
Modulis

Aktyvi terpé
Pralekencios dalelés palieka ,pédsakg”

v

Terpés aptarnavimas
Aptarnaujanti elektronika

N

Moduliy aptarnavimas
JvairGs servisai, signaly perdavimai

l

Moduliy/signaly valdymas, duomeny apdorojimas
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Supaprastinta detektoriaus schema
Modulis
Aktyvi terpé
Pralekencios dalelés palieka ,pédsakg”

Terpés aptarnavimas
Aptarnaujanti elektronika

A

hd

Moduliy aptarnavimas
JvairGs servisai, signaly perdavimai

Moduliy/signaly valdymas, duomeny apdorojimas

Aurelijus Rinkevicius (Vilniaus universitetas) CMS ir HEP 2019-11-14
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Pikselinio detektoriaus nuskaitymo schema g
12 ch fiber
Flex cable 8x ribbon 2x  De-serializer

]
<
(m)
g
c
o)
@)

Modules  8x
TBMs 8x
HDI 8x

ROCs 128x

Half Disk

|
: : Underground Service Cavern
Racks - uTCA

Service Cylinder
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Ateityje — daugiau reakcijy
Nuotrauka su 100 p—p reakcijy (spec. paleidimas)
CMS:Experiment at the LHE; CERN

~Data recorded: 2016-Oct-14 09:56:16,733952 GMT
Run./ Event /1 S7283171./.142530805 /254"

Nuo 2026 m. — ~200 p—p; |—|=~10cm
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Sensorius ir nuskaitymo lustas

charged particle

pixel
V)

Backside metallization

Sensor

Pixel implant \

LAV

/ electronics chip Front-end channel

substrate Electronics chip
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Filtras g

Viena reakcija ~ O(1) Mb duomeny.

e L1 filtras ,kar$tas” (online): 100 kHz.
Naudojamos subsistemos: miuony, ECAL, HCAL.

¢ Auksto lygio filtras sudétingesnis (offline): 300 Hz.
Naudojamos visos subsistemos. ,Pilna” rekonstrukcija.

e Susiduria 40 MHz, >140 M
kanaly.

Anksciau ir dabar:
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Kaip viskas veikia?
000000000

40 MHz

COLLISION RATE

100 kHz
LEVEL-1 TRIGGER

DAQ accepts
Level-1 rate of 100kHz

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 (Vilniaus universitetas)

Kaip tiriama?
000

Detectors

L C1EZY

Charge  Time Pattern

Tracks

Energy
I

Computing services

CMS ir HEP

Infrastruktara
000000000

Schematiskai

CMS anatomija Rezultatai

0000000000000 e

16 Million channels
3 Gigacell bu ers

1 Megabyte EVENT DATA

200 Gigabyte BUFFERS

500 Readout memories

EVENT BUILDER. A farge 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
(read/clear) 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
2019-11-14

0000000000000

&
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&

wNive,

Jdomesni nauiji fizikos rezultatai i$

dideliy energijy rézimo
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Atradimo metu ir dabar

Anksciau (2012) Dabar

Phys. Lett. B 716 (2012) 30 CMS-PAS-HIG-19-001
; ; CMS Preliminary 2016 + 2017 + 2018 137.11b™ (13 TeV)
cvs E=7TeV,L=51f" s=8TeV L=531" S 240 T[T T T I [ I T T T T
> B e S R L A B A E o E
|- > T T T - 2207 ata
8 161 ¥ Data St Kp>05 11 2 E [CIH(125)
o F B z+x ™ 5k 17 = 200 } []4d-22, Zy*
< urOzzz Gt 11 € 180 =§E;Z“V 4
§2) L[ Im=125GeV € 3 ] g £ 7
c 12F [SN3 ] |11 160 3
o F w2 ] E E
i} 10} i3 E 140E 1
C 0 120 140 1Sé v ] 120 —
— m e — C ]
8r 4 (GeV) 1 100F E
6 b 80[ 4
4 60 3
40 B
2 F #
q 20 =
0 P ‘ b in| E ]
0
80 100 120 140 160 180 80 100 120 140 160
m,, (GeV) m, (GeV)
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ttH — atrasta

ATLAS-CONF-201

Phys. Lett. B716 (2012) 129 3 5y000F ATLAS Prelminary V Data 3
= Vs=13TeV, 139 fb — Fit 3
% E T T T T 3 2 40000E e Background =
O 35008 ATLAS ¢ Data — 2 B
o~ E . X _ E =
7’ 3000; ——— Sig+Bkg Fit (mH—126.5 GeV) 3 ;
s . Bkg (4th order polynomial) 3 -
2 2500 — B

w = |
2000~ = d
E E 2 3
1500 = H E
E = 2 B 3
1000=- {5=7 Tev, [Ldt=4.8fb* ~ & A WTRPR WA TSRO
= * D LA e B E

500 15=8 TeV, [Lat=5.91b* H-vy = & T He 010160

E ) 4 m,, [GeV]

%’ 200 E

3 100E- . ATLAS-CONF-2019-004
2 Oty > opT T T T T |
& -100 + K E 4 paa ATLAS Preliminary E
b 200 = o 30F Continuum Background {5 =13 TeV, 139 b ]
- 5 - Total Background m, =125.09 GeV' 1
100 110 120 130 140 150 160 : 251 ___ gignal + Background Al categories E
my, [GeV] P E In(1+S/B) weighted sum E
.. - . 2 % E
> F 3
Daugéjant duomenuy atskiri procesaiima 2 s * 3
IS E 7]
T g of E
rysketi Ew ]
5 b
.. N . . E I ]
10 2010 o 150 160
Artéja preciziniai matavimai — 0

m,, [GeV]
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Atrastas paskutinis vektoriy sklaidos procesas g

Phys. Lett. B 774 (2017) 682
. 35.9 m‘i(n TeV)

—Data

W Zzjj EW

W99 - 22
Maq - 22
otz wwz
WZ+X

m; > 100 GeV

Events / 0.04

¢ Paskutinis procesas: ZZjj

o galutinés blsenos: 4¢, 202v
o didelése E: svarbi H jtaka
o et o multivariaciniai klasifikatoriai

riasconmeoiecss O LHC atrado visus: VVjj

RRARRRRRRARRARaRARRRRAR Sansnan
4 Data  EZZEW)
E22(QcD) [MagzZ
MOthers 772 Uncertainty

0.6

Events /0.125

+ ATLAS paskelbé pilng Run 2

e CMS fokusuojasi j anomalias
sgveikas — rezultatai véliau

ATLAS Preliminary
Vs=13TeV, 139 fb™

Ji
Signal Region

077208 -06-04-02 0 02 0.4 06 08 1
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Dvejuy CiurkSliy rezonansy paieska

NIV
S e,

>

CMS-PAS-EXO-19-012

%‘ 137 f* (13 TeV)
¢ Klasikiné rezonansy paieska
w e BSM skylimai: gg, gq, qq
e o B A e Tyrimas tobulinamas:
T o Parametrinis triukmas dabar
,CMS Preliminary 137 fo (13 Tev) jvertinamas ié duomenu
Cl i o Atsizvelgiama j placius signl.
N ~ * Naujos fizikos nematyti
WP 7\a
Resonance mass [TeV] 10% ! N
2 3 4 5 6 7 8
Resonance mass [TeV]
CMS ir HEP 2019-11-14 52/60
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Dviejy leptony rezonansy paieska

N

>

%,é s

CMS-PAS-EXO-19-019
CMS Preliminary 137 b (13 Tev) CMS Preliminary 140 fb (13 TeV)
g:g: " t cata | Eigﬁ NR[ SR Voaa
a1 Bz B0 B vz 220
@ :g Dloers I % [ Total MC (NR)
10°) TP . . v
i e Klasikiné rezonansy paieska
107
107 . . .
0. e Dideliopreirp
o 2107, = =
g Los ; “ . . . .
it el e leSkoma naujy vektoriniy daleliy
H meee) (Gev] & mh) (Gev] Z,
137 fo (13 TeV, ee) + 140 fo (13 TeV, py) ( SSM» )
N 10 e T T g -
& EC"IAS —— Obs. 95% CL limit 3 e TriukSmai i$
5 fPrefiminary\ " L Exp. 95% CL limit, median 7
- 5| ' | .
S 0%k S [ o SMDrell-Yan
o . [ Exp. 059%) 1 o Fotoninés kilmes
ASH 6 [} _
10 g N Z'ssm E
r —Zy ]
107 3 ¢ Naujos fizikos nematyti
0o ne
1000 2000 3000 4000 5000

M [GeV]
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&

wNive,

v

Jdomesni nauiji rezultatai i$

aromaty bei sunkiyjy jony fizikos
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Dvejuy B (2S) buseny (lygmeny) atradimas
. Pagrindiné busena (skyla): Panaudoti visi 2 paleidimo duom.
Bf = J/yrt (2016-2018 m.):

e Suzadintos busenos (skyla):

+ —
BF(2S) — B ntx miB: (25)] =
¢ ¢ 6871.0+£1.2+0.8+ 0.8 MeV
B*+(25)
Phys. Rev. Lett. 122 (2019) 132001
E cms ¢ Data
E = L — Fit result
60; E:ll"aonZv Signal
C By w K '
% 50— Comb. backg
s
=] 40?
@ 30F
s f
> L
W 20—
na %
of .

67 68 e 70 71
M(B n*rr)—M(B)+m (GeV)
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Observation of light-by-
light scattering in 5.02 TeV
ultraperipheral Pb+Pb
collisions taken in 2018

arXiv:1904.03536

Field strength of up to 1025 V/m
vy luminosity ~ Z4 ~ 5 107

ATLAS
Pb+Pb Sy = 5.02 TeV

Events /0.005

Look for low-energy back-to-back photon 3 2
pair with no additional activity in detector goe
)

59 yy > yy candidate events observed for
12 + 3 expected background (8.20)

See also results on photo-nuclear
interactions, “photo-nuclear ridge” using
EXPERIMENT

2018 data: ATLAS-CONF-2019-022
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g
R

— Hypertritono gyvavimo trukmé (ALICE) 4

55 . 0%

H ALICE S + Data
Sl Pb-Pb /S, =502 TeV 3 —Signal + background
2 0-90%, y| < 0.8 ] -~ Background

Tiksliausias naujas matavimas:

4<ct<7cm F7<ct<10cm
L Lt \ Lt
B B g 4
Invariant mass ( *He+rt + “He+r) (Gevic?) Invariant mass ( ‘He+rr + “He+r) (Gevic?) .
arXiv:1907.06906
@ 500 AP ——
g g =2 C e Kamada e, PRC7 (19991585
H S C 3
g wp g UEJ r 3H averaga biatime R, Daltz, M. Rayet, Nuo. Cim. 45 (1965) 766
5 E = 400~ 3.6 Congeon, . Py G k. P Phys 18 1992) 220
§ H 2 L
£w = = = = A G Gz, LB 751 09 4853
a g 5 = (019)
« L
« 300 —

2f

;

F10<ct<15cm 15<ct<28cm PRLZ0 (196015 RO 1 (197066 AicE
L T L Ll PR 150 1969) 1307 NPB67 (1973) 269 POPOSI2TeV.
207 Zo 2 3 B0L 308 305 300 3 207 % 2o 3 0L 302 303 304 305
Invariant mass (*He+t + “FE+T) (Gevic?) Invariant mass (*He+1t + ‘FE+TT) (GeVic?) NPA9LS (2019 170

Scence 328 2010)58  PLB 754 (2016) 50

NPe 16 (1970 46 PRC 97 2016) 054900

PR 135 1964 81503

AH —3 He+ 7~
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Naujy pentakvarko buseno atradimas (LHCb)

Phys. Rev. Lett. 122 (2019) 222001

o . Su visais LHC Run 1 ir Run 2
SiD >;D*° ..
duomenimis:
e . LHCb * Matomas naujas Pc(4312)
— total fit i v oeer .. .
1090F — background e |8aiSkéjo dvigubas Pc(4450)

e Patvirtino pentakvarko
atradimg

Weighted candidates/(2 MeV)

P,(4440)" K P (4457)

P (4312)"

Svabus rezultatas egzotiniy
bluseny suprantimui

A ~ _— s s -
43004250 4300 4350 4400 4450 4500 4550 4600
M31yp
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Santrauka

e CERN ir LHC turi turtinga detektoriy ir fizikos programa
¢ Rastos naujos reakcijos standartinio modelio ribose
e Nemaza dalis Run 2 rezultaty dar ruoSiama
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Atsarginés skaidrés
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o [ 1o} 000

[e]e]e} 000 [e]e]e}

o ONIVEp,

“,

J

LHC / HL-LH e vgn!

LHC

splice consolidation INJECJOR UPGRADE gommanl
8TeV button collimators TOfs absorber oty HL-LHC flominal
& roject 11T digple & collimator ','.',;I;,fs on installation uminosity
c

2o | 22 | 2ot | 2o | 205 | oot |

2017 2018 2011 | 200 | 2021 | 2022

ATjA radiation
experiment upglade phase 1 damage ATLAS - CMS.
beam pipes 2x nom, kiminosity 255 x nominal luminoshy

upgrade phase 2
™ nominal luminosity JE—— AUcE - LHch _—

luminosity /_ pgrade
Exd EXd

FP7
Hi-Lumi

DESIGN STUDY

300 fb! 3000 fb! S

Tuminosity

MAJOR CIVIL WORKS TECHNICAL INFRASTRUCTURE

PDR PREPARATION ASSESS & TDR

MAIN ACCELERATOR COMPONENTS 'HYSICS

I

CONSTRUCTION AND TEST INSTALLATION

2013

2022 2023
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Akira Yamamoto’s Take in Granada

Personal View on Relative Timelines

[Crimoine | 5|0l 5| | -5 -3 35|

Lepton Colliders

Proto/pre- . n
SRF-Lc/cC T Construction Operation I
NRF—LC Proto/pre-series  Construction Operation I
Hadron Collier (CC)
8~(11)T Proto/pre- " .

NbTi/(Nb3Sn) series Construction Operation
12~14T . - .

Nb.Sn Short-model R&D Proto/Pre-series Construction Operation

3'

14~16T ) -

Nb,Sn Short-model R&D Prototype/Pre-series Construction

Note: LHC experience: NbTi (10 T) R&D started in 1980’s --> (8.3 T) Production started in late 1990’s, in ~ 15 years

Link to a talk

Aurelijus Rinkevicius (Vilniaus universitetas) CMS ir HEP 2019-11-14 6
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https://indico.cern.ch/event/808335/contributions/3365195/attachments/1842846/3038724/ESPP-Symp-2019-ay-190513bb.pdf

Overview Subsystems BPIX Pics

Detectors Why Complex?
o 0o ©00

[e]e]e} 000 [e]e]e}

Electromagnetic Calorimeter (ECAL) g

¢ |ead tugstate crystals (PbWOy,).
e Measures energy: e*, v
(radiation length: 25Xj).

. iEndcap
ECAL (EE)

\ 2
E

-
7

o = - =r =
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Overview Subsystems
o] (o]} [e] e} 000 000 000
Hadron Calorimeter (HCAL) e
C.M.S. o ,,fé
Compt::gl]\:’l:ﬁ:aﬂenoid g Field off 5 §
SormmEEEE=EE &Y Highlights:
=y e Plastic scintillators within brass
— absorber.
=t =n... ® Measures (hadron) energy:
- pt, n%, 7%, K mesons.
H

Sampling Calorimeter

absorber plates

/ \ \det/ectoi pla:es
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BPIX Pics
000

Detectors
000

Why Complex?
000

Muon Detector g

T

""" Highlights:

® Gaseous detectors.

¢ Important for muon identification.
e Used in fast trigger.

o 240 DT, 540 CSC, 610 RPC

Drift cathode ¢
Drift
GEM | seEHEsssseasssEE
Transfer 1
GEM2 =8 HEEEEEEEEEE

iM% Transfer 2

Aurelijus Rinkevicius (Vilniaus universitetas)

wire plane (a few wires shown)

cathode plane with strips

N cathode
£ K LZ Lﬂm
I I R T S S wires
3
v
cathode

l

induced charge

I S S S S cathode with strips

3-16mm 4 avalanche

wires.

plane cathode

7 trapezoidal panels form 6 gas gaps

CMS ir HEP
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(o] [e]e) 000 000 000 000

Detector Magnets — Special Ingredient
A“‘&roroidal LHC Apparatus (ATLAS) Compact Muon Solenoid (CMS)
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General Purpose Detectors
CMS
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Specialized Detectors

e Heavy-ion research ¢ Precision studies

Aurelijus Rinkevicius (Vilniaus universitetas) CMS ir HEP 2019-11-14 60 /60



Overview Subsystems BPIX Pics Detectors Why Complex?

o (e]e] (e]e]e} [e]e]e} 000 @00

Why such complexity?
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Stuff is rare... ttH

Dominant gg

g
¢ Single p—p collision ~ 75 mb. H
e With ~40 p—p x 40 MHz = Higgs a second.
Mode | gg¢ VBF VH (iH bbH ;
o,pb [439 37 22 05 05 (H

Vs, TeV |7 8 13
o,fo |89 133 507

Almost 4 x better with 13 TeV!

) &
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Variety of ttH Decays =

zz

"alljets" 46%

T+ets 15%

.-

10/0
T 2
P
\z‘)(\ic)\(f‘ u+jets 15%
Fipe o+jets 15% )
"dileptons™ "lepton+tjets"

ttH, H — bb: dileptonic, ¢+jets [, hadronic]

e ttH,H — 77: universal (“inclusive”) categories
ttH, H — ¢; (multileptonic): dileptonic, /+jets

e ttH, H — ~~: leptonic (dileptonic, /+jets), hadronic

[ ]
+ More events

Fgwer backgrounds

i}
I

— zz* .
o ttH,H = 4/: one special category - h
Aurelijus Rinkevi¢ius  (Vilniaus universitetas) CMS ir HEP 2019-11-14 B0 /60




	Ivadas
	Daleliu fizika
	Kaip viskas veikia?
	Kaip tiriama?
	Infrastruktura
	CMS anatomija
	Rezultatai
	Priedas
	Overview
	Subsystems
	BPIX Pics
	Detectors
	Why Complex?


