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A vilag legnagyobb részecskegyorsitoja: az LHC
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Hogyan is jutunk el a részecskekig?

atom v

anyag

molekula

atommag oroton,

neutron

az elektron és a kvarkok az anyag tovabb mar nem bonthato, elemi
epitokovei koze tartoznak (az eddigi ismereteink szerint)
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Részecskek és antirészecskek

Kvarkok

Leptonok

Az anyagi részecskék harom
csaladja (fermionok)
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az anyagi részecskéknek vannak
antirészecske parjaik

a kvarkok eés antikvarkok az eros
kolcsonhatas revén osszetett hadron
részecskeéket alkotnak (szinbezaras)
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Részecskék a Compact Muon Solenoid (CMS) detekorban

a CMS detektor
keresztmetszete

muon

elektron

toltott hadron
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elektromagneses ™

kaloriméter

— — — — semleges hadron

tobbrétegl vaskopeny
muonkamrak
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CMS DETECTOR STEEL RETURN YOKE

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

Overall diameter :15.0 m Pixel (100x150 ym) ~1m? ~66M channels
Overall length :28.7 m Microstrips (80x180 ym) ~200m? ~9.6M channels
Magnetic field  :3.8T

SUPERCONDUCTING SOLENOID
Niobium titanium coil carrying ~18,000A

MUON CHAMBERS

PRESHOWER

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

HADRON CALORIMETER (HCA

Brass + Plastic scintillator ~7,000 channels

)

Barrel: 250 Drift Tube, 480 Resistive Plate Chambers
Endcaps: 540 Cathode Strip, 576 Resistive Plate Chambers

Silicon strips ~16m? ~137,000 channels

FORWARD CALORIMETER
Steel + Quartz fibres ~2,000 Channels
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Részecskefizikai esemény mérese a CMS detektorban

'
CMS Experiment at the LHC, CERN / /N \\
' Data recorded: 2022-Oct-08 14:28:46.346368 GMT i 7/
,Aé Run / Event/ LS: 360019 / 815987200 / 400 7

/ / / / B -~
< g/ /

74

\/\i :’ 4/'/ /"/ /” /"/ //
masodpercenkénti 40 millid ,,lefényképezett” eseménybdl (~TB/s)

1000 érdekes esemény (~MB/s) kerul csak mentésre (trigger)




ok) a CMS detektorban

CMS Experiment at the LHC, CERN
Data recorded: 2018-Aug-09 08:16:06.631552 GMT
Run/ Event/ LS: 321051 / 1218066234 / 825

https://home.cern/news/news/physics/going-extra-mile-squeeze-supersymm ~out-cms-data



TOTEM: nagyon kis szogben szorddott, ép protonok mérese

CMS TOTEM
Roman PotngP) detektorok

central detector

| LHC sector 56
IP5 S o Rl R
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TOTEM RP detektorok 200-220 m tavolsagra
vannak a IP5-t6l (az 5-0s utkozési ponttol)
CMS mindkét oldalan

az RP-k (10 szilicium detektor lemez) a nyalabot
horizontalis vagy vertikalis iranybdl kozelitik meg

szilicium nyomjelz6
detektorlemezek
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Kinematikai valtozok, koordinatak
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D t: 4tadott négyesimpulzus-négyzet

azimutszog ¢:arészecske impulzusvesztési hanyada

pszeudorapiditas:n = —Intan6/2
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Diffraktivesemenyek proton-proton utkozésekben
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dupla pomeron csere

(centralis exkluziv keletkezés)

¢

¢

részecskeék nélkuli terulet

dominans pomeroncsere — nagy rapiditasrés (LRG),

“soft” pomeron a Regge elméletben: a vakuum kvantumszamaival rendelkez6
részecskék egész csaladja; energiaval novekvd hadronikus keresztmetszeteket ad

“hard” (BFKL) pomeron a pQCD-ben: két kolcsonhato gluon szintelen allapota

a pomeronfizika elméleti és kisérleti oldalrél is népszeri és érdekes kutatasi téma

nem diffraktiv

BFKL pomeron
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Central exclusive production (CEP) of charged pion pairs

resonant component (Born-level) nonresonant continuum component (Born-level)

P (pa) p(p1) P (pa) TN p(p1) P (pa) TN p(p1)
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h(f) ¥
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nonresonant continuum production of charged pion pairs
is studied by CMS and TOTEM experiments
in pp collisions at+/s =13 TeV
in the resonance-free region: m+,- <0.7 GeV, m+,- > 1.8 GeV

Phys. Rev. D 109 (2024) 112013 e


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.109.112013

Toltott pionparok és ép protonok rekonstrukciodja

pp—~ pmnimp




Results, d*c/dp, 1 dp, 1 dd

studied variables:

p, T and p, 1, the transverse momenta of
final state protons;

¢, the azimuthal angle between the
scattered protons;
m, the invariant mass of the pion pair;
max(t, u) squared four momentum of the
virtual meson

triple differential cross sections:
in ranges of p; v and p, , distributions of ¢,
m, and max(t, u)

a parabolic minimum in the distribution of
¢ is observed for the first time

the minimum can be interpreted as an effect
due to rescattering (absorption) corrections

CMS-TOTEM  [035 < m_+ - < 0.65GeV| 4.7 pb™' (13 TeV)
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d’s/dp; 1dp, 100 [ub/GeV?]  d o/dpy rdp, 1d¢ [Mb/GeVT]  d o/dp; dpy dd [ub/GeV ]

14
12
10
8
6
4
2
0
18
16
14
12
10 |
8 3
6 b
4
2
0
18
16
14
12
10
8
8
4
2
0

0 i i 0 W] T 0 i bis
0.45 < p; 1< 0.50 GeV 0.50 < p; T < 0.55 GeV 0.55 < p; 1 < 0.60 GeV

0.25 < py 7 < 0.30 GeV 0.30 < pp 1 < 0.35 GeV

0.20 < p, 1 < 0.25 GeV

Harland-Lang, Khoze, Ryskin, Eur.
Phys. J. C 74 (2014) 2848

models after tuning give better descriptions but
still need for further theoretical developments
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Dijet events with hard color-singlet exchange

> devoid of particle E
P activity between the
final-state jets due to
BFKL pomeron
exchange
> tool to study BFKL ~
P dynamics P
jet-gap-jet event jet-gap-jet with intact proton event
by hard color-singlet exchange by hard color-singlet exchange
Phys. Rev. D 104 (2021) 032009
gap
O . measured by 9ap g9ap
@ = o |
jet
measured by
CMS+TOTEM
n -1 0 +1 n 0 +1
jet-gap-jet event signature in the J5=13TeV jet-gap-jet + intact proton event
¢-n plane signature in the ¢-n plane 15/19


https://journals.aps.org/prd/abstract/10.1103/PhysRevD.104.032009

CMS color-singlet exchange (CSE) dijet event fractions

the fraction of color-singlet exchange dijet events, f-sg, is measured in bins of
different variables eg. Anj; = et — nlet?|

CMS 0.66 pb (13 TeV) cms TOTEM 13 TeV
__l TTTT | TTTT | TTTT | TTTT | TTTT | TTTT ‘ T I| T |I | |__ | T T T T ‘ T T 171 ‘ TT ‘ T T
g;; e <0 1.4 < eti? <47 _; 3F njet1nje'[2 < 0 1 4 <t < 4 7 pjetZ - 40 GeV
5E e Data P2 > 40 GeV. 1 - CMS, 0.66 pb”
 SE— RMK(BFKLNLL) T E 25 - (jet- gap-Jet)p E
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o 1.6E...... EEIM (BFKL NLL+MPI+SClI E o 2- -
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limited sample size, a measurement

as a function of kinematic variables is
not possible: the fqgE is extracted
using the entire sample of events

there are theoretical (BFKL)
calculations with different detailes
that quite well agree with measurment
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Single-diffractive (SD) dijet production

1
 CMS+TOTEM 37.5nb" (8 TeV) __ CMS+TOTEM 37.5nb” (8 TeV)
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high-pt jets are measured in CMS,
the scattered proton is measured
in the TOTEM detectors

POMWIG (with (S?) = 7.4%) and PYTHIA8 DG MC predictions show good
agreement with the data

the t distribution up to about 0.4 GeV? is well described by an

Eur. Phys. J. C 80 (2020) 1164 exponential function
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https://link.springer.com/article/10.1140/epjc/s10052-020-08562-y

Summary

various diffractive processes measured jointly by CMS and TOTEM in pp collisions

first time observation of a parabolic minimum in the distribution of the azimuthal
angle difference of the final state protons in central exclusive production;

various physical parameters related to pomeron physics extracted/tuned
good agreement between BFKL and jet-gap-jet measurements

first measurement of hard diffraction with a measured intact proton at LHC
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Thank you for your attention!
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