A nem-gyorsitos
(avagy nem-LHC/FCC) fizika kilatasal

Veres Gabor (ELTE)

(Plenary European Committee for Future Accelerators delegalt)

Eurdpal reszecskefizikal stratégia frissitése

2024. december 16.
Budapest, ELTE TTK Eszaki Témb [0.100C]

EB

Veres Gabor: ESPP — Nem-gyorsitos fizika



Tartalom

Gyorsitok — a tervezett “szupergyorsitokon” kivul
Lassitok és antianyag

Nehezionok és iz-fizika

Neutrindk — gyorsitokkal es nelkuluk

Kozmikus sugarzas

Axionok, sotet anyag detektorok
Gravitacios hullamok
Ureszkozok

Klimakutatas

Veres Gabor: ESPP — Nem-gyorsitos fizika




Relativistic Heavy lon Collider

STAR DeteCtor SySte m 15 fully functioning detector systems

PHOBOS 12:00 o' clock BRAHMS
10:00 o' clock 2:00 o' clock

RHIC
PHENIX

8:00 o’ clock STAR 4:00 o' clock
6:00 o' clock

Design Parameters:
Beam Energy = 100 GeV/u
No. Bunches = 57

No. lons/Bunch =1 x ‘10g
T =10 hours

slore

L, =2x10% cm= sec™

High Int. Proton Source  BAF (NASA) ng-2

Pol. Proton Source HEP/NP

1 MeV/u
Q=432

TANDEMS
S ——

STAR: TPC, hadronok, szolenoid, upgrade (2022),
forward detektorok ===

sPHENIX: szupravezeto magnes, EM reszecskék, 2023- —
tol, NSAC long range plan 2023. :
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CERN - sokféle kisérlet az LHC-n kivul

LHC

ALICE gy e LHCb
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— East Area :
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LEIR

LINAC 3
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Super Proton Synchrotron, CERN

7 km, 1976, 450 GeV

WEST
EXPERIMENTAL
AREA

LEP/LHC

Switzerland

France

1km

NORTH EXPERIMENTAL

Approximate Scale
AREA
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Nehéion-program, kozmikus sugarzas, neutrindk
Példa: p+p — d+X hataskeresztmetszet

“Természetes” keletkezés a kozmikus protonok
és a csillagkodzi anyag utkdzéseiben vagy DM?

NAGLISHINE

Super-conduction

NAGL

1I- ‘1 U_3 E T T T T T 11 I 1 | =
|E| F P won Deetinchem et al JCAPOB{20201035 3
I slessando Cuoco ef al JCAPT0201 71053 Dark Matter -1
My A Oliva, JENAA, August 2024 ]
> - ) .
[} 4l Korsmeier etal. |
O 107 gBESS-Polarll m,=70GeV 3
- 5 M. Winkler et al. -
e ~ m, =150 TeV
5 —
NE 107E d AMS-02 - E
—_ - Lower-energy region d AMS-02 .
» B egion |
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w 10

A

Secondary
Current uncertainty
I Future projection

10 1 10
Kinetic energy per nucleon [GeV/n]
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AMBER

Antiproton keltési hataskeresztmetszet
Proton sugaranak pontos meérése
Mezon-struktura, Drell-Yan

Nagy nyomasu TPC, hidrogén céltargy

— Scintillating-fiber fracker

—— Gas electron multiplier (GEM)

I Multi-wire propartional chamber (MWPC)

[ Electromagnetic calorimeter (ECAL)

[1 Hodoscope

I Magnet

I Concrete AMBER spectrometer
(only relevant parts shown)

m@ilw

LB

3
58 g 28 2 Ev
22 2 S 22 2 £
| ! | ! | // | | L
140 100 -60 20 10
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NAG4

Sotét szektor, elektron, pozitron, mion, K, p nyalabok
Sub-GeV DM

Feebly Interacting Particles

Lathatatlan bomlasok

Vacuum vessel

Magnet2

Magnetl
T2

€=, 100 GeV
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Muonk

Javaslat, elso kisebb méret(l kiserlet 2025-re
A mion g-2 hadronikus LO korrekcidinak pontositasara
Muon-elektron rugalmas szorasbol

@ L ~051m |

e
] -
D o b

target n module n target n +1

(b)

v

HCAL MUON
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NAGO+

Készulbben levo kisérlet
Nehézionok, elektromagneses részecskek, open charm .
néhany MeV felbontas a w - py bomlasban, Helyette ajpol (NA62)

és nehany 10 MeV a J/y - pp bomlasban /4
Toroidal Muon wall

Vertex telescope Muon spectrometer
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SHIP (NAG67) kisérlet: kovetkez0 25 ev

L , pogo o e .y Hosszu élettartamu reszecskek
Most jovahagyott nyalabtemet6 (rogzitett céltargyas) kisérlet pomlasainak pontos rekonstrukcija

6-102° p / 15 év, 2031-t6| T (vertex, tmeg)

. - o . Protons et 1 (Absorber/sweeper) Decay volume Spectrometer
Kiegésziti az LHC melletti Protons |
nagy energias és precizios Tl Il || P

izfizikai méréseket

Konnyt s6tét anyag
Hadronok bomlasaban és fotonok kozvetlenkeresés

kolcsdnhatasaiban keletkezé >
egzotikus nagyon erétlendl |
kolcsdnhato részecskék keresése

{
Jhl:-.J._‘rz
Konnyl DM észlelés atomi elektron AT e
vagy atommag visszaszorassal B RO HS decay spectrometer

, V
Szupergyenge csatolasok p@400 G§
vizsgalata MeV - 10 GeV 575 L0
t.. t rt - b 26 ! Target and 106 elnyomé\s .
omegtartomanypan hadron absorber CERN North Area Beam Dump Facility

Scattering and

neutrino detector
Muon shield
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AWAKE

Plasma wakefield acceleration

Proton driver (SPS)

2021 2022 2023 2024 2025 2026 2027 2028 2029 2030 2031 2032
CERN Long Shutdown 3
e-seeding
Run 2b DPS plasma density step
Installation AWAKE area extension (CTD), installation
Run 2¢ e-accelerg’(t)igtnr,otlemittance
Run 2d spcglsarzlae
Design, prototyping of S/X band electron source, beam line, laser system
]
]

“ ;;§§§§§li!#i§¥§§;§§;gi{
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Proton Synchrotron

1959
25 GeV
AD, teszt nyalabok

S

East hall

South hall

100m
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Antiproton Lassitdo + ELENA

AD és ELENA: 100 keV-es p
Anti-H spektroszkopia

Antigravitacio Call for proposals (now):

Antiproton 2032-ig
* tOmege, :
* toltése,

* magneses momentuma

kitekintéssel 2038-ig.
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Antiproton Lassito, ALPHA-g kisérlet

Antihidrogén lefelé zuhan (2023)

—e— Normal gravity simulation

| —e - No gravity simulation

e-- Repulsive gravity simulation
¥ Experimental data

____________________

L
(=]
Asymmetry

Tovabba: H magneses momentuma, toltése, 2S-1S atmenet energiaja
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Antiproton Lassito

ASACUSA

Tovabbi kisérletek: H és antiprotonos He
p tdmegmérés

GBAR: gravitaci6 hatasa H-re

AEgIS: H gravitacio, interferometria, spektroszkopia

BASE: hordozhat6 H, p magneses momentum (ppb), a/m M (\ el S

PUMA: p és egzotikus atommagok annihilacioja
az ISOLDE-hoz szallitva! (neutron bor)
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GSI, FAIR

| | | | Nagy intenzitast nyalabok, ionok
Linear accelerator Ring accelerator Ring accelerator , , ,
UNILAC SIS18 SIS100 ‘. r('jgz Itett Celtargy

Production of
new atomic nuclei

Production of
antiprotons

| —
100 metres

isting facilit
Experimental and W existing facility

storage rings B rlanned facility

[l cxperiments
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NUSTAR

Csillagok belsejében lezajlo folyamatok magfizikai megértése

”"' |

Ritka atommagok eldallitasa

In-ring kisérletek (élettartam, alak, stb.)
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Compressed Baryonic Matter

-y

Neutroncsillagok

Nehézion Utkozések,
nagy surliség, elektronpar es
muonpar végallapotok

QCD fazisdiagam

EoS

Early Universe =
Simulations

Ritkasag atommagokban

Quark-Gluon Plasma

Neutron Star rge

x2S

Temperature

Net-Baryon Density
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PANDA

pp annihilacioban keletkezo
részecskék vizsgalata

Gluonlabdak

D mezon és barion spektroszkopia

Proton tomeg és QCD, GPDs

Hiper-atommagok (s)

[l

f2(1565)

mA(m’n®) / Gev?

[ o8]

' 3
mzr\ﬂoﬂO) / GeV?
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Belle Il — Super B Factory Japan

Elektron-pozitron Utkoztetd

B mezonok vizsgalata
Bajos mezonok
Bottomonium
Charmonium
Tau

Sotét szektor

2018-
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Neutrinbk — FASERV

« FASERV: Utkoztetbben keletkezett

neutrindk elsd detektalasa (ATLAS mellett)

* Flavor universality

v, interacting spectrum, ®xE/GeV (a.u.)

1072

107"

Uj energiatartomany

i Uncharted energy range
e S
T -
E
C /S
A FASERnu
g
— o
F /o/Q [ 2
F/8S ) @ 3\ ¢
/O /4 £ n\ = -
/< [& |\ ARD
N S =l 1<
~ § N O
i e @
g\
| | il 1 L 1
10° 10°
1 - E, (GeV)

Neutrino platform (CERN)
- Icarus, Baby MIND, T2K, ProtoDUNE

Veres Gabor: ESPP — Nem-gyorsitos fizika

22



Neutrindok — DUNE

Fold alatti kiserlet
Gyorsitobol az 1300 km-re 1év0 detektorba
Kezdeés: kb. 2030.

Kdlcsonhatasok egyesitése? (proton bomlas)
Fekete lyukak kialakulasa? (neutrinOk szupernova-0sszeomlasbol)

Sanford Underground
Research Facility
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Fermillab

23



Neutrinbk — NA61

7”7

« Hadronok el6allitasi folyamatainak
vizsgalata

* LehetOvé teszi neutrind nyalab
pontos tervezését sok mas
kisérletben (T2K, NuMI/NOVA és
LBNF/DUNE)
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Detector Design

1 gigaton of instrumented ice

5,160 light sensors, or digital
@ optical modules (DOMs), digitize
and time-stamp signals

1 square kilometer surface array,
IceTop, with 324 DOMSs

- 2 nanosecond time resolution

lceCube Lab (ICL) houses data
I processing and storage and sends
100 GB of data north by satellite daily

Astrophysics

Cosmic Ray Physics
Neutrino Physics

Dark Matter

@O9®

Neutrino Astronomy and Multimessenger

lceCube

Déli sark

1 gigatonna (jég)

0.3 GUSD

2011 -7

Gen-2: minimalis koltséggel

Veres Gabor: ESPP — Nem-gyorsitos fizika
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cosmic ray

hadrons

electromagnetic
component

GeV muons
2835 m.a.s.l

1450 m

2450 m
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KM3NeT
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Foldkozi-tenger aljan
km? (gigatonna), viz
2026-ra kell elkészulnie
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KATRIN (KIT)

« Elektron antineutrind tdtmeg meérése
e Tricium bomlasok, 100 GBqg, 2019-

e Limt2.3eV = 0.2eV

Rear
Section

Windowless gaseous
tritium source

Transport Section

- Calibration & ~
monitoring

Artificial
electron
source

+ Tritium B-decay rate
of 10" 1/s

* Operating parameters
(T, p, etc.) stabilized
at 10 level

* Adiabatic e transport

« Cryogenic &

differential pumps

«  Tritium retention

factor of >101?

'
'
1
1
|
1
1

Pre-
spectrometer

Main Spectrometer

»

S
-

MAC-E filter width: 0.93 eV @ 18.6 keV

« Operated at UHV conditions (<10-'° mbar)

Detector

+ Si-PIN diode array

= Highly efficient
e counting
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o

06 |

o
N electron
SHe

Region nahe am B-Endpunkt

m(\’e) =0eV

nur 2 x 10713 aller
Zerfalle im letzten 1 eV
Intervall

m(ve)=1eV




Kozmikus sugarzas
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primary
nucleus

am cascade
tot

! _ emcascade

ATURY
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Kozmikus sugarzas, Foldi kisérletek

ALBORZ Observatory
ERGO

CHICOS

GAMMA
KASCADE-(Grande) — KArlsruhe Shower Core and Array DEtector

Large High Altitude Air Shower Observatory | A3, EPOS.LHC, NENE
LOPES — the LOFAR PrototypE Station is the radio extension of KASCADE. :
TAIGA — Tunka Advanced Instrument for cosmic ray physics and Gamma Astronomy
HAWC High Altitude Water Cherenkov

High Energy Stereoscopic System

High Resolution Fly's Eye Cosmic Ray Detector
MAGIC (telescope)

MARIACHI

Pierre Auger Observatory (Argentina)

Project GRAND T
Southern Wide-field Gamma-ray Observatory

Telescope Array Project

WALTA (Washington Large Area Time Coincidence Array)
IceTop

TACTIC

VERITAS

Major Atmospheric Cerenkov Experiment Telescope (MACE)
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Sotet Anyag kdzvetlen detektalasa

ADMX: DM - foton konverzido magneses téerben
CRESST (Gran Sasso): CaWO, szcintillator, cryo\ I
XENONNT (8 tonna Lxe sztintillator), WIMP (v!))\ 108 cm?

DAMA/LIBRA, SABRE: éves DM ingadozas
PICO (Kanada), buboréekkamra

heat bath
% -«—— thermal coupling

- B\ F—_
-«—— light detector (with TES) § =

-«—— target crystal

-«— reflective and
scintillating housing

TES

heat bath
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Féeny a falon at

Helioszkop

Axionok keresése

keletkezési Ureg visszaalakulasi treg
i e e e e e EEEEpEEEEN

-

léezer | | | IRIl | 0 .-
""""" 1 | detektor

(N O N (O f7 ETHNEEEEEEEE
magnes

Wy . )
axion flus naplemente 3 k;f::g?; napfelkelte
\ a Napbol rendszer P rendszer
/ R >
Sy g m—e—m———— >
T - >
----- >
— TIIIIIIZ.
? 500 s e
replilési idd arnyékolas
rontgenfoton-
Nap detektor
Jellhattér novelés fékuszalassal
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ravitacios hullamok — LHC

10°
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Frequency / Hz

102
Stochastic \"\f.\
background \4‘/)
" .
10 4 2.
%
e
10% - 2 :
i Massive binaries g & ¢
E Supermassive ra S il
g binaries N2
@ 1078 4 LIsA
]
= 1E-GWS
= \
% Extreme mass
g 10 J ratio inspirals 'W150914
]
&= Unresolvable
o galactic hl"uril?/
10 4 <
. -
LHC, 1 ps noise m: Insp N\
Core collapse
supemovae \
10 1 Pulsars N
10 1o T T T T T T T
100 10° 104 102 10° 102 104 10°
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Nemzetkdzi Urallomas, 2011 — 20357
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Alpha Magnetic Spectrometer

Antinuclei In Cosmic Rays
' +

A 5 o A &

X X

S A A
%Zxxxz

Hypodthetical dark
matter \-




Kozmikus sugarzas, ballonos és urkisérletek

Miiholdas berendezések:

PAMELA (2006-, sétét anyag annihilaciok, pozitron tobblet) 4,
Alpha Magnetic Spectrometer

Spaceship Earth

ACE (Advanced Composition Explorer)

Voyager 1 and Voyager 2

Cassini-Huygens

HEAO 1, Einstein Observatory (HEAO2), HEAO 3

ISS-CREAM

Ballonos berendezések:

BESS (Balloon-borne Experiment with Superconducting Spectrometer): kis E p, He
ATIC (Advanced Thin lonization Calorimeter)

TRACER (cosmic ray detector)

BOOMERanG experiment

Cosmic Ray Energetics and Mass (CREAM)
AESOP (Anti-Electron Sub-Orbital Payload), NASA legnagyobb ballonja, 2024, e* —p 1
General antiparticle spectrometer (GAPS)
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Klimakutatas - CLOUD

FelhOképzodés vizsgalata kozmikus sugarzas hatasara

A Nap szerepe a klima valtozasaiban az ipari forradalom el6tt
Kis mennyiség, kulonleges vegyluletek,

aerosolok szerepe a feln6képz6désben

Klimamodellek jelentGs bizonytalansagainak pontositasa
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Klimakutatas - CLOUD

— Mix and oxidation < ). 10-12km
.‘...:.t ..:':o..... « " ®s . @ pVQ Uppermpospherc
T D T R
* L . .a' o'.*.ﬁ y ."-.I..I:. -.'.‘:'-.’ : * % L .' ° o :
y . H ’ . : . ’ Kn ° -' 1+ ]
. . Sulfuric acid ° e s @
- Iodine oxoacids (g °L .0 .
. N Outflow Methanesulfonic acid ® e’
" ‘é o000 ,°
. . ﬂ'.ﬁ o O
Lighting/. no, * "0 ", Cloud condensation

- Co i @ Growth 'o.. . o 1 .(C'CN)
nvecuve 0 nuciel
iy updraft \‘VO 0° °°o
.0 © oo
%

Marine clouds in the o © Boundary layer
lower troposphere o © o o
o




Klimakutatas - CLOUD

(b) Change in global surface temperature
1750 to 2019
* Melyik gaz vagy aeroszol mennyivel valtoztatta

meg a Fold homésrekletet 270 ev alatt? | ’

Climate effect through:
Carbon dioxide (CO,

. N0

B CFC + HCFC

=

=

* Aklima modellek legkevésbé ismert paramétere

HFC
Methane (CH4)

=
4-‘ ‘ B Ozone (03)

B H,0 (strat)

I Aerosol-radiation
0 ) I ¢ B Aerosol-cloud
4+

Sum

vvvvvvvvvvvvvvvvvvvvvv

Veres Gabor: ESPP — Nem-gyorsitos fizika 38



Osszegzés

* Alegkllonbdzobb fontos fizikai celok iranyaba halado
Kisérletek oriasi valasztéka Eurépaban és azon tul

* Vannak megléevo hazal kapcsolatok

* Kisebb/meglévo gyorsitok, nem-gyorsitos kisérletek

» Kisebb csoportok, nagy felelésség, limitalt scope

K6szénom a figyelmet!

Veres Gabor: ESPP — Nem-gyorsitos fizika
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