Varfor forskar vi om
elementarpartiklar?

The Big Bang




Large Hadron Collider LHC
vid CERN | Geneve startades upp 2010

Varldens mest hogenergetiska protonkrockare
med en kollisionsenergi pa 13.6 TeV = 13.6*10 12 eV

13.6 biljoner elektronvolt
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Varfor hog energi?

A Enligt kvantmekaniken medger hdg energi att man kan studera sma
detaljer i materien - ju hogre energi desto mindre detaljer

A Enligt relativitetsteorin medger hég energi att man kan skapa
materiepartiklar - ju hogre energi desto massivare partiklar.

A Enligt relativistisk kvantfaltteori &r vakuum uppfyllt av olika
elementarfalt ur vilka hittills okdnda elementarpartiklar kan
materialiseras, forutsatt att vi kan astadkomma en tillrackligt hdg
energitathet.



A

Hur smadetaljer har kunnat studeras ?

| LHC accelereras tva stralar av protoner i motsatt riktning till en
energi motsvarande ca 7000 ganger protonens vilomassa - varefter man
bringade stralarna att kollidera.

Protonen innehaller vardera 3 kvarkar. Den energi som omséatts nar tva
av dessa kvarkar, en i vardera stralen, kollidera &r tillracklig for att
studera elementarpartiklarnas struktur ner till 10 19 meter = en
tiondels miljardels miljarddels millimeter = en tiondels nano -nano-
meter.

Vid dessa matningar har hittills inte nagon utstrackning eller inre

struktur hos elementarpartiklarna uppdagas. Om elementarpartiklarna

har en utstrackning maste den darfér vara mindre an en tiondels nano -
nano-meter.



Hur tunga partiklar har kunnat upptackas?

A Nar tva kvarkar kolliderade i LHC omsétts deras kinetiska energi
ibland till kollisionsenergi inom en volym av en tiondels nano -nanc
meters storlek

A Den astadkomna energitatheten &r tillracklig for att materialsera
elementarpartiklar med massor som motsvarar massan hos flera
tusen protoner 9 vid LHC har det varit mdjligt att studera manga
miljontals sadana kollisioner.

A P& detta satt upptéacktes 1995 vid Tevatronen i USA, LHCs
foregangare, den hittills tyngsta kanda elementarpartikeln, topp -
kvarken, som har en massa pa ca 190 protonmassor. Och 2012
upptacktes 2012 Higgsbosonen, som har en massa ca 135
protonmassor. Men efter detta har inga nya, tunga partiklar
upptackts trots att det numera skulle vara majligt att producera
partiklar med en massa pa flera tusen protonmassor.



CMS Experiment at the LHC, CERN
Data recorded: 2015-Aug-22 02:13:48.861952 GMT
Run / Event / LS: 254833 / 1268846022 / 846




Tuesday, 15 December 2015

A new boson at 750 GeV!

ATLAS and CMS presented
today a summary of the first
LHC results obtained

from proton collisions with 13
TeV center -of -mass energy.
The most exciting news

was of course the 3.6

sigma at 750 GeV in the
ATLAS diphoton spectrum,
roughly coinciding with a 2.6
sigma in CMS.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2015-081/
http://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-15-004/index.html
http://1.bp.blogspot.com/-zHvMWHMzWk8/VnA2DdoFCcI/AAAAAAAAByY/Jg-9YvT5ZV8/s1600/CWRuI2oWIAAT7o5%2B.png

Friday 5 August 2016
No new boson at 750 GeV!

The data is consisten
with the Standard Model
Background. The global
Of the excesses is less
than one standard
deviation .
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Matter

Electron

Proton

Vad har etablerats hittills?
Standardmodellen

Nucleus Neutron
Matter [ 5 N
particles [L‘@PT©I\]§
All ordinary » | Electron Electron neutrino Up Dows
particles ; Responsible for ici Particle with no electric Has an electric charge of Has an electric charge of minus
belong to & | and chemical reactions; charge, and possibly no mass; Q plus two-thirds; protons contain two, one-third; protons contain one, o
this group § it has a charge of -1 billions fly through your body neutrons contain one neutrons contain two
every second
These Z | Muon Muon neutrino Charm Strange
particles 5 A heavier relative of the Created along with muons A heavier relative of the up; A heavier relative of the down;
existed just 2 | electron; it lives for two- when some particles decay Q found in 1974 found in 1964
after the S | millionths of a second
% % -
Big Bang. £
Now they are > | Tau | Tau neutrino Top Bottom
found only 2 | Heavier still; it is extremely yet discovered but Heavier still Heavier still; measuring
in cosmic % | unstable. It was discovered believed to exist Q bottom quarks is an important
rays and £ | iin1975 test of electroweak theory
accelerators
Force
particles Gluons Photons Intermediate Gravitons
Thesa Carriers of the Particles that vector bosons Carriers of ~
parl‘ct\‘cs' strong force make up light; Carriers of the gravity \

transmit the
four
fundamental
forces

of nature
although
gravitons
have so far
not been
discovered

01/11/2019

between quarks

Felt by
quarks

The explosive release of nuclear
energy is the result of the strong force

they carry the
electromagnetic
for

quarks and charged lept

Electricity, magnetism and chemistry
are all the results of electro-magnetic

force

% Felt by

weak force

i .
quarks and leptons

Some forms of radio-activity are the
result of the weak force

Svenska lararare pa CERN 2022-11-04
Tord Ekel6f, Uppsala universitet

G Felt by:

all particles with mass

All the weight we experience is the
result of the gravitational force

Quarks

3RAPHX



Higgs-bosonens f°rut s?@

A Kvantfaltteorin i sin ursprungliga
form (Yan -Mills) forutsatter att
kraftpartiklarna ar masslosa.

A Den svaga kraftens kraftpartiklar
(W*, W- och Z°) har emellertid
befunnits vara mycket massiva.

A Det blev darfor nodvandigt att
finna ett satt att tilldela dessa
kraftpartiklar - men inte den
elektromagnetiska kraftpartikeln
(fotonen) - massa.

A Detta kunde 4stadkommas genom
att infora Higgs -faltet

: Hiﬂ?%stery of mass
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ttH coupling

While we were confident of the ttH vertex from the production cross-section,
this is model-dependent, and the direct observation was missing
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ttH observation

s q :
50 observation of ttH from CMS and ATLAS 000000 ———— t

Very sophisticated analyses, pushing detector | N ~ |
performance very far, many channels, MVAs...
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Higgs tripplecouplinge:
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Destructive interference between triangle and box
diagrams makes the cross-section tiny (1000x smaller than

single Higgs). g 0Ty
o [ 9g9—HH _K}.:?
Choice of HH decay channels °1ATLAssm' e =~

HYbb | argest branching rat i of
HYyy benefit from good prrfoktoqgf_n energy e

Di-Higgs production provide a direct access to Higgs self-coupling. sil g
® o(HH) ~33fb is 1000x smaller than o(H) f c ]
e Standard Model predicts A°™ = 0.13, deviation are quantified " \\t\‘\x»\.\\__;

through: \new physics e : 6800
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Fragor som inte besvaras av
Standardmodellen

Varfor finns det i universum bara materia och ingen antimateria?
Hur far neutrinerna sin massa?

Hur kan vi finna forena den elektrosvaga och den starka
kraften?

Vad bestar den morka materien av?

Var beskrivning av den elektrosvara och starka kraften bygger
pa kvantiserade falt i vakuum och var beskrivning av
gravitationen bygger pa att rumstiden ar krokt - hur kan vi
finna en gemensam beskrivning for alla naturens krafter med sa
skilda utgangspunkter?



Hypoteser:
Supersymmetri och Strangar

A Den drivande kraften bakom stravan ™ "
: o oupersvmmetr
att f!nna en generellare beskrlvnlpg att % -ihe ulitate y
ersatta Standardmodellens ar fragan |
om hur gravitationen skall kunna
Inbegripas. " W—

The mystery of the enormous ratio between the 3
electro-weak scale (at 100-300 GeV/, defined by €
the masses of
the Higgs pa:
(1019GeV), v

hierarchy of matter?

11-dimensional
particles?

A | detta syfte postuleras att det finns
en ny symmetrier i naturen,
supersymmetri, att det finns fler
rumsdimensioner an de tre vi kanner
och att materiens minsta enheter inte
ar partiklar utan strangar eller
membran.

Svenska lararare pa CERN 2022-11-04
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Charged Higgs

FOURTH INTERNATIONAL

A En av konsekvenserna av antagandet
om supesymmetri ar att det skulle
finnas inte bara neutrala Higgs -
bosoner utan aven elektriskt
laddade sadana

A Ett huvudtema inom Uppsalas CERN -
forskning har varit att soka efter
laddade Higgsbosoner vid LHC

Svenska lararare pa CERN 2022-11-04
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SUPERSYMMETRY IN ATLAS

ATLAS SUSY Searches™ - 95% CL Lower Limits

2013

ATLAS Preliminary

Status: EPS 2013 JL£dt=(44-229)fb! +5-7,8TeV
Model e.pT.y Jets ET™ [cdm) Mass limit Reference
MSUGRAICMSSM o 26jets  yes 203 & 1.7 Tev mi-mig) ATLAS CONI-2013.-047
MSUGRACMSSM lep 36jets  ¥es 203 1.2Tev any mig) ATLAS CONF-2013-062
MSUGRACCMSSM ] 710 ets  Yes 203 any mig) ATLAS CONF-2013-064
3. g0 0 26jets  yes 203 m(E)-0CaV ATLAS CONF-2013.047
BE.E—qq%r o 26jets  Yes 203 m{E9)-0CaV ATLAS CONF 2013047
8. 8—qati @ Tl leu 36jets  yes 203 miE5) <200 GaV. m{E" }-0.5(m(F5)smi{2)) ATLAS CONF 2013062
EE—GgQri(Le)Tixy 2e.p(SS) 3jts  Yes 207 miES) <650 CaV ATLAS CONF 2013.007
GMSR (¢ NLSP) 2e.pn 2.4 jots Yes 47 ang<15 1208 4688
GMSR (7 NLSP) 121 02jts Yes 207 ang - 18 ATLAS CONF-2013-026
GGM (Do NLSP) 2y [ Yos 48 m(Es)-50CaV 1209.0753
GGM (Wino NLSE) tepsy [ Yos 48 260 GaV ATLAS CONF.2012-144
GGM (higgsino-tno NLSE) Y tb Yos 48 =220 GeV 12111967
GGM (niggsing NLSP) 2eu(2) O3fEls  Yos 58 m{f)>200 CaV ATLAS-CONF-2012-152
Graviine | SP 0 monojel  Yes 105 miz)-10 oV ATLAS-CONF-2012-147
ivgbg o 3b Yes 200 | 1.2Tev :ﬂ‘m&v ATLAS CONF-2013 061
Foot o 7-10pis  Yes 203 |§ 114 TeV D) <200 GeV ATLAS CONF-2013-05¢
PR 01 e 3b yes 200 | 1.34 Tev miT3)<100 GeV ATLAS-CONF-2013-061
#-obik| 01 ey 3b Yos 201 g 1.3 eV miE3)<200 GeV ATLAS CONF-2013-061
| Byby, By— '; o 2b Yes 201 | By 100-630 GeV m(Ef)<100GaV ATLAS CONF 2013.053
l Diby, by—etXs 2e.p(55) 03p Yes 207 |By 430 GeV miE] b2 miEs) ATLAS CONF- 2013007
| Tafy(ight), Ty bki 120 12b  Yes 47 & eTGevV m‘)scov 12064305, 1200 2102
. TyyMight), Ty »WBTS 2ep 02jets ves 202 |i 220 GeV ma‘) ety bk W)-50 GaV, mify )= <m(Tj) | ATLAS.CONF-2013.048
| #Fy(medum), & "k 2e.p 2ils vYes 2023 | 225525 GeV 1)=0 GV ATLAS-CONF-2013-065
. Tits(medwim), t—biy o 2b Yes 2001 & 150-580 GeV WD) <200 GeV. miF] k) -6 GeV ATLAS CONF-2013-053
. Hinheavy), © -:f' lep 10 Yes 207 | 200-610 GV GoV ATLAS-CONF-2013-037
. #fheavy), T reig 0 2b Yes 205 | 320-660 GV D0 GeV ATLAS CONF-2013-024
T1h, 1) 0 ctagyes 203 |& 200 GeV miE;) miel) <85 GeV AT1 AS-CONF-2013-068
) 1y (nahural GMSB) Zeul2) 10 Yos 207 |& 500 GaV D150 GoV ATLAS CONF-2013-025
T2iz, -0 + 2 Bepul2) 10 Yos 207 |® 520 GoV Ty bemhF] )e 180 GoV ATLAS CONF-2013-025
7 néi p. F—LE) 2ep 0 ws 203 |z 85315 GeV M0 GoV ATLAS CONF-2013.069
;:{ X1, Xq EAE7) 2ep 0 Yes 203 ¥y 125-450 GeV GoV, mi7, 7)=0 Simi¥; han(T1)) ATLAS-CONF-2013-040
e 2+ o ws 207 |¥ 180-330 GeV GoV, mz, 0. 5im(E JomiF) | ATLAS-CONF-2013.078
I o ,q,.%q;.}n &35, £(7v) dep 0 Yos 207 ;5 00 GoV mOF] el E2), MiF 0, i, P SImiES Jomrd 1)) ATLAS-CONF-2013-035
XiXa—=WX1Z°%1 Sep (4] Yos 207 T 315 GeV miT3 hemlF2), miT3)=0, shoptons docoupked | ATLAS-CONF-2013-035
@ Directyi ¥ prod, long ived v Disapp. ik 1 jel Yes 203 |8 270 GeV T hedE])— 160 MaV. r{F{ )02 ns ATLAS CONF-2013.060
- Slabke, stopped § R-hadron ] 1-5pels Yes 229 & 857 GeV mﬁ%)-moc-v_ 10 ps<r{£)<1000 5 ATLAS CONF-2013-057
| GMSB, stable 7, ¥| Tz, g)ar({e.p) 1-2p a = 159 T0<tanr<SO ATLAS CONF.2013.058
: 5 .-,&,nmgneap, 2y 0 Yos 47 V.4 (Th)<2 me 1304.6310
: f-r'w (RPY) 1o ) Yos 44 T mmn<cr<t m, # decoupled 1210.7451
LFV pp—sv, + X, ¥, —e + 2ep o = 46 34 =010, ;>~0.05 1212.1272
LFV pp—svy 4+ X v —e{u) + 1 tep+r 1] = 46 A3y ~0.10. Ay7y2=0.05 1212.1272
E Biinear APV c;zsg‘ 1en Tels  ves 47 M) -lR), Crysp<1 mm ATLAS CONF-2012-140
& i oW a.?—o«?,.qn". dep [ ves 207 |a 760 GoV i) 300 GoV, Axn =0 A1 AS CONF-2013-096
X X1 xq -wi.,i;i-.n;., ery, Jegper 4] Yes 207 i“ 350 GeVv mﬁ*bao&\l.am:-o ATLAS-CONF-2013-036
999 ] 6 jels - 46 1210.4813
£t fisbs 2eu(SS) 03 s 207 |@ 890 GeV ATLAS-CONF-2013-007
& Scakw guon 0 4 jols 3 46 sghuan 100287 GeV incl. fmit from 1110.2603 12104826
{g%’ 1 WIMP imeraction (DS, DEac y) ] mono-jel  ves 105 i) <0 CaV, bt of <687 CaV for D& ATLAS CONF-2012-147 ‘
SO | g s ‘o "g} a s " M s ' o & L N " M PR S o
-8TeV 107 1 6 K
. S

“Only a selection of the avallable mass Nmils on new slates or phenomena Is shown. All limils quoted are observed minus 1o theoretical signal cross section uncerlainly.

= Strategy ATLAS SUSY group: cover a wide range of final states and processes

Inclusive SUSY searches -

EPSHEP 2013
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THE HUNT FOR SUSY - IN SUMMARY

ATLAS SUSY Searches* -

959% CL Lower Limits

2015

ATLAS Preliminary

Status: July 2015 Vs=7,8TeV
Model 6ILT.Y Jets EQ™ [rdim) Mass limit W5 =8TaV Reference
MSUGRACMSSM 03ep2r 210530 Yos 203 | &R 1.8 TeW mighmiz) 1507 05525
i3 ‘i"‘“*.a o 2Epls Yes 2038 |4 850 GV iy 10 oo, m{1# pen. l-m{2* gen. 9 14057875
53, G+gk| {wlrnéjsaed] zmr?;ﬁhm 123;:3 EE i.g : 100-240 GeV 50 xm‘::nm :gm
G Gl £Lj Orf vy e, (off- : 5 ; CeV : p—
ERE 'w*f o 2E6@ls Yes 203 E 133 TeV iy =0 Ga¥ 1405 TRTS
R ’“"’“""dﬂ Olep  Z6pls  Yos ET 1.26 TeV reliTE <00 GaV, mF* b=0.5mlE sl 1507 05525
o £, Bvaqlef v vl 2ep 03 jpls - E i 132 TeV iy =0 eV 1501.09525
= gﬁm{ﬁz'ﬂm 12ra01f 02l Yos 203 | @ _ﬂTn\i'jT“ m i 1;:@
2y Yos 0.3 # 1 o oA 1 mm P
'§ GGM (higgsino-bino NLSP) r 1k Yoz 2003 |® 1.3 TeV i} 1800 GaV, criNLSP) 0.1 mm, pel 1507 05453
=  (GGM (higgsino-bino NLSP) ¥ 2 jals Yas 208 | # 1.25 TeV i) 1-B50 GoW, r{NLSF) 0.1 mem, ge-lb 1507 05493
GGGM (higgsine NLSH) 2e.plE) 2 pls Yos 203 E 50 GoV N SF- 430 Gl 150003250
Graviting | SP o mono- et Yoo il FUT i HBEE GeV )1 8 s 10 eV, mig)-migh-1.5 ToV 1502 0508
Sos G ..u:_w? o 3k Yes 201 |B 1.26 TeV T AN 1407 0600
© i Foeik 0 7Ti0jels  Yes 203 @ 11 TeV Tedis ) <350 G 1308.1641
= B g5 gk 01 ey 3k Yos 01 | B 134 TeV i 1-400 G 1407 DRD0
B0 o Febit) 0-1 &, 3k Yoz 200 | & 13 TaV¥ iy 12300 GaW 1407 DE0D
- By, b.—..u’.‘ 0 2k Yes 200 K 100-620 GeV rolif} B0 BaV 1308 2631
% BBy, By m, 2eplS55)  0abk Yas 204 | K Z75-440 GaV ity b2 i)} 1404 2500
3 iy, iy —bE] 12 e 12b Yes 47003 | L DIISIETGEV 230-450 GoV Ey) - A1, miEy 55 GV 12092102, 1407 0583
e hi, & -wm-. or o] 02ep 0220 Yes 203 | 90191 GeV 210-700 GeV iy b= G 150500515
B iy, B 0 monojetictag Yes 203 | & 00-240 GeV oy -} 1B o 1407 D008
3 g 1oy instural GMSR) Zepld 1k Yes 203 |k 150-580 GeV i} 1150 GaV 14 5222
m Gz, iz oWy 4+ F Fep ) 1k Yos 203 | & 200-500 GeV iy 1200 Ga 1403 5252
FLnbi. £ o Zep 0 Yes 203 |2 00-325 GaV i} -0 Ga¥ 140 5304
E{K, £] —+brie) Zegp o Yes 203 | 140-a65 GaV oA =0 GV, mi, F=) S0l beenlEL)) 140315204
o EiEyF 2T - Yes 208 |EF 100-350 GeV 1S b= G, i, b0 SAmiES ) emlER I 1407 0350
= :m’!' ofyvf] l&w}.hﬁ i) B o Yes 203 | ERE 700 GeV L b=m(EZ), miET)=0, mi?, #1-0.5mlE: rmiEa ) ]
L Wk 23ep B2 jets Yes 203 ,FLE‘ 420 GeV -q.']-mﬁ_ iy )-0, shepans dacoupled 18035294, 14027020
ié mjmj' bbby WW rrjyy #-'r 02k Yoz 203 I"J! 250 GaV | J=mii}), mii}1-0, shepons dacoupled 150107110
;r,x,, 23 e o Yas 203 ft, 620 GeV mERS=miES), miE})=0, miF, Fl St hemiE] )] 1405 5088
GGM [mmNLbF’F il prod. 1 ENTRS S - Yes  A0a | W 124-361 GaV cr<l mm 150705433
Luranx.x. pod. ngdved £ Dispp ik 1@l Yes 203 5 270 GaV oA AL - 160 Mo, T )02 e 130.3ETS
Direct £1.4 nod Ium—lrwd.tl i trik - Yes 164 ﬂ 482 GeV oy e 1160 MV, T D15 s 1505,05332
E Stable, F-hadron o 16jkets  Yes 278 |# 832 GeV iy 1= 100 GaW, 10 prser(Ehci 000 5 R
=7 Stable § R—Istiun 1k 181 F3 127 TeV 1411 BTSS
GMSH, stable 7, 7] 72, n}lnl[r.pl] 12p - e g 537 Ge¥ 10:Aang <50 1411 6755
GMSH, 7 r;l"' long livied 2y Yas 203 l" 435 GeV 2er(i7)3 ns, SPSE modal 1400 BR42
R X1 e e e displ. eefepfpp - 208 ‘5 1.0 TeV Uy 740 men, mig)=1.3 TV 1504.05162
GGM g, ¥} -G displ. vix + jiets 203 A 1.0TeV & <exlE e 480 mem, miE=1.1TeV 150405162
LFV pp +F, + X6, sepferipT FET T - - 203 By 1T TeV &, =011, dmpeyrn =007 150044330
Eli'lear HW CMSSM 2epi(58] 036 Yes 203 B 1.35 TeVW migl=m(g), crise<l mm 1404 2500
:rm Jr. VW), Xy v, e, depm Yes 2003 | & 750 GeV i} 2l | ), gy 20 1405 GOEE
= 1By B WY, B e, o1y Sepet - Yo 203 o1 450 GeV X1k 40 14055088
& B it vy 1] -7 pls - 203 | B 8;:7&? H-Fbm AR} FR (0% 1502 05555
[i] &7 pls - 203 ] GeV i =B GV 1502 05635
26088 oas Yes 203 | R 850 GaV 1404.250
o Piets+ 2 b a3 | & 100-308 GeV ATLAS-CONF-201 5008
2ep 2k 23 |& 0.4-1.0 TeV EFb(Ty el 20 ATLAS GONF-2N 505
Othey Scalar charm, i o 2c Yes 203 @ 200 GV i 1200 GaV 1501 RS
s A . MR | L N L P
i
10 1 Mass scale [TeV]

*Only a selection of the available mass mils on new stales or phenomena is shown. All limifs quoled are obsenved minus 1o theoretical signal cross section uncertainty:
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Searching widely and deeply

ATLAS SUSY Searches*

December 2017

- 95% CL Lower Limits

2017,

ATLAS Preliminary
V5=7,8,13TeV

QU Ty Jets EX [raqm™) Mass limit Vi=7.8Tev [NE=iSTeV] Reference
0 26jpls  Yes 361 m(i?kzouow. '\(l"un.i):mﬂ"galm 17120233
monojet  13jets  Yes 361 grmE] <5 Gev 1711.03301
0 26pts  Yes 36.1 1)<200 CaV 1120200
(] 26jpts  Yes 361 i )<200 CeV, m(F*}=0.5(miF] +miz)} 1m202a%2
e, 2 jets Yes 147 <300 CeV, 1611.08791
7R, Bra (0 /)R] Jap 4jets - 361 mil)=0Gav 170803731
R, B—gq T ] Titjels  Yes 361 i) <400 Gav 170802754
GMSB (£ NLSP) 127+01¢ O2jots  Yes a2z 1607 05679
GGM {birc NLSP) 2y - Yes 361 cH{MLSP)<0.1 mm ATLAS-CONF-2017-080
GGM {higgsino-bino NLSP) r 2jets Yes  36.1 M )= 1700 GaY, cr{NLSP)<0.1 men, 4>0) ATLAS-GONF-2017-080
Gravitino LSP 0 mono-et  Yes 203 3 m{G)> 1.8 x 10 eV, m{gi=migi=15TeV 150201518
B &0, pohhY] 0 3 Yoz  36.1 mii%)<600 Gav 171101801
. 2B, bt Otep 3b Yes 361 mi7<200 Gev 1711.01801
Bybs, by—eb¥ 0 2h Yes 361 mE)<d20 CGev 1708 oa2EE
By, byt 2 e,u (SS) 10 Yes 361 mE)<200 GaV, m(E] = m(F])+100 GaV 170603731
ik, —bE] 02ep 125 Yes 4.7/13.3 7170 Gev [ 2004720 Ge V! El) - 2, eSS Gev 1200.2102, ATLAS-CONF-2016-077
i, fy = WhTS or FF 02epn 0-2jets/t-26 Yes 20336.1 90-198GeV:. 0195107V mil)e1 Gav 1506.08816, 1709.04183, 1711.11520
i, iy=e 0 monojet  Yes  36.1 i i ])=5 Gav 1711.03301
i) (natural auss) 2epul2) 10 Yes 203 i)>150 CeV 140G 5222
BR, G +2 3e.uiZ) 1s Yes 361 mil)=0GeV 1708 03668
R Bl +h 1-2eu 45 Yes 36.1 mil}=0GeV 1705 03866
bulin, ity 2ep (] Yos 361 =0 ATLAS CONF 2017639
1 X —-iv(m 2ep (] Yes 361 M 1=0. m(f. $)=0.54m(F; pemiy )| ATLAS-CONF-2017.033
Ry JRD,ZT o ov(19), K3 = Pr(vs) 27 = Yos  36.1 mE1=0. mir, 91054 E: )emiil )} 170807875
,r‘!'-.zu?._aw) evtLe(w) Jep (4] Yes  36.1 ET Juri S |, ML }=0, mid, w080 (ET Jorn(ELN) ATLAS-CONE.2017.639
7 -.wz 23ep 02pts  Yos 36.1 ) =mGER), S 120, 2 decoupled ATLAS CONF.2017.039
x5 —-wx.n Y hrbbWWiTT vy epy 026  Yes 203 T e 5, il -0, 2 decoupied 180107110
x,x, S5 —fut dep [ Yes 203 Sy |, e E1=0. mi2. 91-0.5(mgiS1 ity 14055008
GGM {wino NLSP) weak prod., x'-.yc lapsy = Yos 203 cr<tmm 180706488
. GGM {bino NLSP) weak prod., .-vyG 2y = Yes  36.1 cr<imm ATLAS-CONF.2017.082
Direct ¥1 ¥ proc., long-lived £7 Disapp. trik 1 jot Yes 361 T i 160 MeV, 17 )=02 ns 171202118
Direct £ E] prod., long-lived X7 dEfdx trk - Yes B4 ) 160 MoV, 1681 )<18 ns 1505 05332
Stable, stopped # R-hadron 0 15pts  Yes 279 =100 GeV, 10 us<7(2)<1000 = 1310 6584
Stable # R-hadron 143 - 2 32 1606 05129
. Metastable § R-hadron dEsdx trk = = 32 myE])=100 GeV, 710 s 1604 08520
. Metastable  A-hadron, 2-+qe¥| displ. vix - Yes 328 7@)=0.17 re, ) = 100 GeV 171004501
" GMSB, stabie 1, 17— 28, @b rie.u) 12 - - 191 10<1any<50 14116758
GMSB, £ -nG, longived £ 2y - 203 1<7¢¥)<3 rs, SPSE model 1408 5542
R, XY —veevienvippy displ. eclepefype - - 203 7 <er)< 740 mm, miE)=1.3 TeV 1504 05162
LFV pp—s¥, + X, ¥y —ept/er/pur eper T > - 32 Ay =011, g v =0.07 1607 08079
Eiinear RPV CMSSM 2.6, [SS) 03k Yes 203 mJemR), crpsp<t men 14042500
TIRT R WA ] —reev.eyev, ey Lep a Yes 133 ) 400GV, A0 (k = 1,2) ATLAS CONF.2015.075
TR X WX X —rrv, v, Seprr 2 Yes 203 )02t |, 411340 1405 508€
&R, Brqa¥y Ay — q9q 0 45large-Rjets - 36.1 1078 Gev SUSY.2016.22
8,2 ©E] ~ qaq 1ep B10jets04b - 36.1 = 1 TeV, 2,40 1704 08458
R B—nt, fy—bs 1ep B-10jets/0-45 - 36.1 i )= 1 ToV, b #0 170408453
fidy, ij—ebs ] 2jets + 26 - 367 171007174
iy, ;b 26p 2b - 36.1 BR7) —be/p)>20% 171006544
Other Scalar charm, Z—ct) [ 2¢ Yes 203 |& 510 GeV o i0)c200 oV 150101325
L *Only a selection of the available mass limils on new stales or -1 1
phenomena is shown. Many of the limits are based on 10 Mass scale [TeV]

simplified models, c.i. refs. for the assumptions made.
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ATLAS SUSY Searches* - 95% CL Lower Limits

2019

ATLAS Preliminary

July 2019 \s=13TeV
Model Signature  [Ldr [ Mass limit Reference
34, §—qt) Ocp  26jets  EF™ 361 1.55 m(F})<100 Gev 1712.02332
P mono-jet  1-3jets  EPM 361 0.71 m(@-m(¥})=5GeV 1711.03301
5 & g—aat| Oe.p 26jets  EP 361 | & 2.0 m(E}) <200 GeV 1712.02332
& £ Forbidden 0.95-1.6 m(¥;)=900 GeV 1712.02332
B 2z 2-qaOF Sepu 4 jets 361 |E 1.85 m(F})<800 GeV 1706.03731
o ee, i 2jets  EPS 361 [& 1.2 m(z)-m(F])=50 GeV 1805.11381
G g, goeqqwzi] Oeu 7-Aljels EP™ 361 |2 1.8 m(F}) <400 Gev 1708.02794
3 SSe.u 6 jets 139 | & 1.15 m(z)-m(i")=200 GeV ATLAS-CONF-2019-015
= "
= gg g 0-1ep 3p  EfT 798 |% 2.25 M%) <200 GeV ATLAS-CONF-2018-041
SSep 6 jets 139 |& 1.25 m(@)-m(¥)=300 GeV ATLAS-CONF-2019-015
Byby, by —b¥) 1FT Multiple 36.1 by Forbidden 0.9 m(¥})=300GeV, BR(bT})=1 1708.09266, 1711.03301
Multiple 36.1 By Forbidden 0.58-0.82 m(¥})=300 GeV, BR(hY})=BR(:¥} )=0.5 1708.09266
Multiple 139 | & Forbidden 0.74 m(¥|)=200 GeV, m({})=300 GeV, BR(¢k})=1 ATLAS-CONF-2019-015
B1by, By —bTs — bhT] Oepu 6h  EFS 139 B Forbidden 0.23-1.35 AmES.7)=130 GeV, m(f})=100 GeV SUSY-2018-31
28 b 0.23-0.48 Am(E.72)=130 GeV, m(¥})=0 GeV SUSY-2018-31
[ .
§_§ ff, i Wb or ] 0-2ep 0-2jets-2b EP'™ 361 & 1.0 m(P)=1GeV 1506.08616, 1709.04183, 1711.11520
.8 hhnd —Whi| Tep 3jetstb EFS 139 |f 0.44-0.59 m{i})=400 GeV ATLAS-CONF-2019-017
ég fif, i —F by, 11216 1r+leut 2jetsi1 b E;“’*“ 36.1 h 1.16 m(7)=800 GeV 1803.10178
TS A —eb] /82, E—el) Oe.p 2¢ Ems 361 |z 0.85 m(¥})=0GeV 1805.01649
G ) i 0.46 mif &)-m(¥})=50 GeV 18065.01649
Oep mono-jet  EP'™ 361 h 0.43 m(F, &)-m(¥})=5GeV 1711.03301
fafy, ooy + 1-2ep 4b Ems 31 |7 0.32-0.88 m(¥))=0 GeV, m(7,)}-m(¥})= 180 GeV 1706.03986
iafy, y—iy +Z e 16 Epis 139 | & Forbidden 0.86 m(¥})=360GeV, m(7,)-m(¥})= 40 GeV ATLAS-CONF-2019-016
PR via Wz 23 e,p A N P 0.6 m(i})=0 1403.5294, 1806.02293
ee, i >1 EPS 139 x!f 1 0.205 miF)-m(¥))=5 Gev ATLAS-CONF-2019-014
XHT via Ww 2e.p EFs 139 A 0.42 m(E])=0 ATLAS-CONF-2018-008
jrfig via Wh 0-1e,p 2b/2y E‘;}“* 139 X;/X;  Forbidden 0.74 m(¥!)=70 Gev | ATLAS-CONF-2019-019, ATLAS-CONF-2019-XYZ
s + - = s = s o
= Q K vial/v 2e.p EPS 139 | & 1.0 m(F,7)=0.5(m(¥{ )}+m(i’)) ATLAS-CONF-2019-008
WS 37, 7oet) 2t Ems 439 | # [FL, TR, INONER0] 0.12-0.39 m(¥])=0 ATLAS-CONF-2019-018
TLrlLR, I—61) 2ep Ojets  Ems 439 |7 07 m(i})=0 ATLAS-CONF-2019-008
2ep >1 EP™ 139 | § 0.256 m(f)m(E))=10 GeV ATLAS-CONF-2019-014
HHA, H—hG |26 Oe.p >3b  EPS 361 | @ 0.13-0.23 0.29-0.88 BR(Y] — hG)=1 1806.04030
dep Ojets  EP™ 361 i 0.3 BR(Y] — ZG)=1 1804.03602
B @ Direct F1¥7 prod., long-lived ¥} Disapp. trk ~ 1jet  EMs 369 | FF Pure Wino 1712.02118
= % v Pure Higgsino ATL-PHYS-PUB-2017-019
3
g:E Stable ¢ R-hadron Multiple 36.1 z 1902.01636,1808.04085
8 S_ Metastable g R-hadron, g--n;;p?,' Multiple 36.1 m(¥)=100 GeV 1710.04901,1808.04085
LFV pp—¥: + X, #r—eufer/ut ep,eT Ut 3.2 A31,=0.11, A132/133/233=0.07 1607.08079
YLET VS — wwyzetetvy dep Ojets  EM™ 361 m(iY)=100 GeV 1804.03602
&2, 3—qqt), ¥ = gqq 4-5 large-R jets 36.1 Large A7, 1804.03568
n>_ Multiple 36.1 m(i})=200 GeV, bino-like ATLAS-CONF-2018-003
O 7 il & s ibs Multiple 36.1 m(¥])=200 GeV, bino-like ATLAS-CONF-2018-003
0y, —bs 2ijets+25h 36.7 1710.07171
fifi, fi—qt 2e.u 2bh 36.1 BR(7, —be /bu)>20% 1710.05544
1u DV 136 BRI(f; —qu)=100%, cost,=1 ATLAS-CONF-2019-006
*Only a selection of the available mass limits on new states or 107! 1 Mass scale [TeV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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ATLAS SUSY Searches* - 95% CL Lower Limits

2022

ATLAS Preliminary

March 2022 Vs=13TeV
Model Signature  [£dt[m™] Mass limit Reference
i, G-t 0e,p 2:6jets  EP™ 139 1.85 m(¥})<400 GeV 2010.14293
@ mono-et  1-3jets EPS 139 | § [Bx Degen] 0.9 m(G)-m(E})=5 GeV 2102.10874
5 & gt Oep  26jets EP 439 |7 2.3 mT})=0 Gev 2010.14293
o z Forbidden 1.15-1.95 m(¥})=1000 GeV 2010.14293
% 8. BoqgWi Tep 2-6 jets 139 | & 2.2 m(E})<600 GeV 2101.01629
Qg goaqlOY) e, pp 2jets  EP™ 139 |2 2.2 m()<700 GeV CERN-EP-2022-014
Bz goqqWzh) Oepo 7-1ljets  EP™ 139 | & 1.97 mif}) <600 GeV 2008.06032
2 SSe.pu 6 jets 139 |z 1.15 m(g)-m(T})=200 GeV 1909.08457
S g o) 0-1e.p 3b B 798 |& 2.25 m(i)<200 GeV ATLAS-CONF-2018-041
SSepu 6 jets 139 g 1.25 m(g)-m(¥|)=300 GeV 1909.08457
biby 0epu 2b EPS 139 | By 1.255 m(¥})<400 GeV 2101.12527
b 0.68 10 GeV<Am(b; ¥1)<20 GeV 2101.12627
95 byby, bi—b¥s — bi¥) Ocp 6 EE““_ 139 | & Forbidden 0.23-1.35 Am(T3,10)=130 GeV, m(¥})=100 GeV 1908.03122
-E S 27 2b EPS 139 | b 0.13-0.85 Am(¥S,¥1)=130 GeV, m(¥})=0 GeV 2103.08189
§.§ iy, fi—tf) 0-1ep =ljet  EPs 139 | 1.25 miEl)=1 GeV 2004.14060,2012.03799
o8 A, s WhE] Teyu  Bjets/th EFs 139 |§ Forbidden 065 m(¥})=500GeV 2012.03799
g,-g- i, =iy, 11516 12t 2jetsnb EPS 139 | § Forbidden 14 m(7)=800GeV 2108.07665
= L A -l s, ok 0ep 2c B o3ed @ 0.85 mit})=0GeV 1805.01649
s Qe mono-jet £ 139 0 0.55 mii, &)-m(¥))=5GeV 210210874
iy, Byt B0 Z/hE) 1-2ep 145 EPS 139 | & 0.067-1.18 m(EY)=500 GeV 2006.05880
hiy, hoi + Z 3epu 1b EPs 139 | & Forbidden 0.86 m(¥)=360 GeV, m(f,)}-m(¥})= 40 GeV 2006.05880
KX viawz Muitiple ¢/jets ) EE'?T 139 /fz,':" 0.96 m(¥)=0, wino-bino 2106.01676, 2108.07586
ee, it =ljet  EP™ 139 | KA, 0.205 m(FT)-mF])=5 GeV, wino-bino 1911.12606
=t ~F i ot o
Xiky viaww 2e.p EP™ 139 | X 0.42 m(¥})=0, wino-bino 1908.08215
'f"z’ via Wh Multiple ¢/jets Expse 139 | ¥i/%; Forbidden 1.06 m(¥})=70 GeV, wino-bino 2004.10894, 2108.07586
> § VitT via il /v 2ep EPs 439 | &y 1.0 mi7,7)=0.5(m(¥T ) +m(E])) 1908.08215
WL o) 2r £p™ 139 |7 [ TR [N0NE0S] 0.12-0.39 m(F})=0 1911.06660
© fLrlLR N 2e.p 0 jets EE'“ 139 T 0.7 m(t!)=0 1908.08215
e, it >ljet  EP™ 139 |7 0.256 m(f)-m(¥})=10 GeV 1911.12606
HH, A-hG|ZG Oep >3b EE‘“ 361 | i1 0.13-0.23 0.29-0.88 SR(X? — hG)=1 1806.04030
4ep Ojets  Ep* 139 [f 0.55 BR(E) — 2G)=1 2103.11684
Oepu = 2large jets EP* 139 i 0.45-0.93 BR(Y| — 2G)=1 2108.07586
Direct ¥1 ¥ prod., long-lived ¥ Disapp. ttk  1jet  EP™ 139 ,f; 0.66 Pure Wino 2201.02472
Xy 0.21 Pure higgsino 2201.02472
w .
:§ % Stable ¢ R-hadron pixel dE/dx ERiss 139 g 2.05 CERN-EP-2022-029
&& Metastable  R-hadron, F—qgt) pixel dE/dx EF™ 139 | & [r(2)=10ns] 2.2 m(¥})=100 GeV CERN-EP-2022-029
S8 i Displ. lep Ers 139 | &# 0.7 "l =01ns 2011.07812
= 7 0.34 (#)=0.1ns 2011.07812
pixel dE/dx Ems 939 |7 0.36 ) =10ns CERN-EP-2022-029
TLRT IR o ze—eee 3eu 139 Pure Wino 2011.10543
BiXT IS = wwizeeetvy dep Ojets  EP™ 139 1.55 m(E?)=200 GeV 210311684
72, anqxf?_,?? — qqq 4-5 large jets 36.1 1.9 Large 1), 1804.03568
SR AN Multiple 36.1 m(})=200 GeV, bino-like ATLAS-CONF-2018-003
& if, i—bX7, X7 — bbs > 4b 139 Forbidden m(i})=500 GeV 201001015
iy, [ —bs 2jets +2b 36.7 1710.07171
i, gt 2ep 25 36.1 0.4-1.45 BR(7, —be/by)>20% 1710.05544
1u DV 136 1.6 BR(f|—qu)=100%, costh=1 2003.11956
T R RY, 10y —stbs, KT —sbbs 12en  =Bjets 139 | &) 0.2-0.32 Pure higgsino 2106.09609
: A L N TS | 2 2 ) N
* . . . -1
Only a selection of the available mass limits on new states or 10 1 Mass scale [TBV]

phenomena is shown. Many of the limits are based on
simplified models, c.f. refs. for the assumptions made.
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Big Bang

Undersokningen av de minsta partiklarna och stravan mot

en global beskrivning av alla fysikaliska krafter har direkt

anknytning till var forstaelse av hur universum skapades i
Big Bang.

1043 s Inflation

1034 s Fria kvarkar

1019 s Hadroner formas

1 s- 3 min Heliumkarnor
formas

300 103 ar Atomer formas &
justransport majlig

10° ar Gravitationen drar
samman atomer till moln

15 10° ar Idag

Svenska lararare pa CERN 2022-11-04

Tord Ekel6f, Uppsala universitet 4
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Genom den enorma energikoncentrationen i Big Bang
skapades ur vakuumfalten exakt lika stora mangder
materia och anti -materia. ldag ser vi bara materia
omkKring 0ss, ingen anti -materia. Detta kan inte forklaras
av Standardmodellen. For 20 ar sedan upptacktes att
neutriner oscillerar och att de darmed har massa vilket
beldnats med 1915 ars Nobel -pris. Inte heller det kan
foklaras med standardmodellen.

020
Uppkomsta av eletron-neutriner
o5, i en 300 MeV myon-neytrinostrale L0

0K

0.10 Z 06
é 04 II‘ 'J'
0.05 5 il {11y
t] '“uhu 'll'luuh

o0 WY Wy '.-'ul"'jl
0 5000 10000 15000 20000 25000 30000 35000
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Oscillation ]'lruh:thi]itl-_'l; for an mmitial electron neutrino

Probabilit




Jag har f°%reslagit att ESSO
Lund skall anvandas for att generera en varldsunikt

intensiv neutrinostrale fér experiment som skulle kunna
sprida ljus over fragan om materiens dominans over

anti -materian i universum. Neurino -stralen skall riktas

fran Lund mot en 1 miljon kubikmeter stor vatten -
Cherenkov-detektor | Zinkgruvan -gruvan vid Vattern, 1
km under jord.

100 m

T gem

|



ESSnuSB In the international conteX@PV reso
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Hogenergifysikens
Omedelbara tilldmpningar

De teknologier vi utvecklar inom
hogenergifysikenspelar ett successivt
okande, viktig roll ocksa for

- andra vetenskaper, t.ex. for
synkrotronljus-forskning (MAXLAB,
SESAME) och spallations-
neutronforskning (ESS) inom
materialvetenskap och biologi

- medicinsk diagnos och behandling i vara
sjukhus, t.ex. For PET-kameror och

. ESS | LUND
protonterapi (SKANDION) av cancer, s SS IB S
; /, /:/ﬁ/x{\* Iy\% 47“-—;,5?;\\7v\
- kvalitetskontroll och processmetoder =8 iy

inom industrin, t.ex. for stralgenomlysning
for detektion av sprickor i stora 10N et
mekaniska strukturer och N W

elektronstralesvetsning samt SKANDION | UPPSALA




-tillampningar i samhallet i stort,
t.ex. World Wide Web och

GRID-teknologin

/
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% 7 1
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Do o Do D>

Varfor gor vi allt detta?

Det konventionella svaret ar: av nyfikenhet .
Grundforskning kallas ofta f0©°
Men inge forskning kan bedrivas utan nyfikenhet.

Nyfikenhet ar en forutsattning for all forskning, for saval

grundforskning som tillampad forskning.

Man kan alltsa inte karaktarisera  hogenerifysik -forskningen i
forhallande till annan tillampad forskning genom att kalla den for
onyfi kenhetsforskningd med mi
bedrivs med det enda motivet, &ndamalet och syftet att
tillfredsstalla nyfikenhet.
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Vilket &r hdgenergifysikens andamal?

A Med tanke pa de omfattande personliga, materiella och
ekonomiska resurser som investeras i hégenergifysikforskningen
ar det inte rimligt att tanka sig att det enda motivet, andamalet
och syftet med verksamheten skulle vara att tillfredsstalla

nyfikenhet.

A Frégan blir d& vilket hogenergifysikens motiv, &andamal
och syfte ar?



Vid fronten mot det okanda

A Den experimentella hogenergifysikforskningen syftar till att
upptacka helt nya fysikaliska fenomen vilka kan leda till en
forstaelse av ett gemensamt ursprung for den elektrosvaga och
starka kraften och, ytterst, aven for gravitationen.

A Forskningen sker i mikrokosmos vid fronten mot det helt okénda
och darmed, genom den nuvarande teorin om universums
uppkomst ur Big Bang, aven till makrokosmos.

A En sadan front mot det helt okanda har funnits inom den
moderna empiriskt baserade fysikforskningen sedan dess
begynnelse.



Innan Kopernikus, Galilel och Kepler

Innan den moderna, empirsikt baserade fysiken ansags kallan till
kunskap on den fysikaliska verkligheten vara

- intuitiva spekulationer baserade pa vad man sag omkring sig i
varlden, utan krav pa reproducibla experiment och kvantitativa
matningar (observationer inom astronomin utgjorde ett tidigt och
viktigt undantag)

- tolkning av auktoritativa skrifter (i vasterlandet Aristoteles och
Bibeln)

Dessa forestallningar fick fr.o.m. renassansen svarbemastrad
konkurrans av nya idéer framforda av fysiker som Kopernikus,
Galilei, Kepler m.fl.



Demokritos Kopernikus Galileo Newton Dalton Maxwell

Einstein Schrédinger Dirac Feynman Salam Kajita
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