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The Large Hadron Collider
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ATLAS and CMS Run 3 data

= |n Run. 3: upgrade of the accelerator, leading to an increased centre-of-mass
energy (13.6 TeV), as well as renewed detectors and novel triggers
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= Some examples of Phase 1 upgrades i | Y i
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ATLAS and CMS Run 3 data

= |n Run. 3: upgrade of the accelerator, leading to an increased centre-of-mass
energy (13.6 TeV), as well as renewed detectors and novel triggers

= Some examples of Phase 1 upgrades
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Collaborations

CMS Collaboration
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ATLAS Collaboration (status: 1 June 2024) CMS Collaboration
» 185 Institutions (253 institutes) from 42 5 3

countries + 15 Technical Associate Institutes * 6300 persons 'nCIUdmg
- 2924 Scientific authors (among which 1979 | 2200 physicists & 2600 students

contribute to M&O share) . 0 . .

529 Qualiiors for authorsh e 247 institutes from 57 countries and regions,
. ualifiers for authorship . 1 1 B

. UK: 15 institutes and continuing to welcome new ones!
* 1178 Physics PhD students . .
* 1322 Engineers and technicians ~3OO aCtlve aUthorS
» 88 Engineering students U K: 4 ]nSt]tuteS
* 6036 Active members 1
) ~100 active authors
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Physics programme: the energy frontier

= A large fraction of the UK HEP community works within ATLAS or CMS

= The physics programme is also huge -
= Searches for (heavy) new particles usually

summarized and presented as this

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits

ATLAS Preliminary

Status: March 2023 f[ dt = (3.6 — 139) fb! Vs=13TeV
Model Cy Jetst ET™ [ram] Limit Reference
. ADD Gk +glq Oemry 1-4] Yes 139 |Mp 112TeV n—2 2102.10874
& | ADDnon-esonantyy 2y - - 37 [Ms 86TeV  n=3HLZNLO 1707.04147
£ ADDQBH - 2 - 139 | My, 94TeV. n=6 191008447
T ADD BH multijet - >3j - 36 | Mu 9.55TeV  n=6, Mp=3TeV,rot BH 1512.02586
S RS1Gu —7y 2y - - 139 | Gk mass 45TeV 2102.13405
£ BukRS Gkx — WW/ZZ multi-channel 361 | Gk mass 23TeV 1808.02380
w Bulk RS gxx — tt 1epu 21b2102 Yes 36.1 8K Mass 3.8TeV 15% 1804.10823
2UED/ RPP leu 22b23] Yes 361 [Kkmass 1.8 TeV Tier (1,1), B(AM) — ) =1 1803.09678
SSM Z' — ¢t 2ep - - 139 | Z'mass 5.1TeV 1903.06248
@ SSMZ' o 27 - - 361 |Z'mass 2.42 TeV 1709.07242
£ Leptophobic Z’ — bb - 2b - 361 |Zmass 2.1 TeV 1805.09299
@ Leptophobic 2’ — tt Oep >1b>2J Yes 139 [Z'mass 4.1 Tev /m=12% 2005.05138
S  ssMw v 1enu - Yes 139 | Wmass 6.0 TeV 1906.05609
©  SSMW -1y 1T - Yes 139 | W’mass 5.0 TeV ATLAS-CONF-2021-025
g’ SSM W’ — tb - 21b21J - 139 W’ mass 4.4 TeV ATLAS-CONF-2021-043
@ HVT W' — WZ model B 02ep  2j/1J  Yes 139 | W’ mass 4.3 TeV g =3 2004.14636
S WTW S WZo ¢ modelC 3en 2j(VBF) Yes 139 | W’ mass 340 GeV gven=1,8=0 2207.03925
HVT Z’ - WW model B Teu 2j/1J  Yes 139 | Z mass 3.9TeV gv =3 2004.14636
LRSM Wg — uNgr 2pu 1J - 80 [ Wg mass 5.0 TeV m(Ng) = 05TeV, g = gr 1904.12679
Clqqqq - 2j - 370 [A 21.8TeV 7, 1703.09127
Clttqq 2ep - - 139 |A 358TeV i 2006.12946
Gl eebs 2e 1b - 139 [A 1.8 TeV e=1 2105.13847
Clupubs 2u 1b - 139 |A 2.0 TeV 1 2105.13847
Cl tttt >leu =1b>1] Yes 36.1 A 2.57 TeV |Cael = 41 1811.02305
Axial-vector med. (Dirac DM) - 2j - G 3.8TeV 842025, g=1, m(x)=10 TeV ATL-PHYS-PUB-2022-036
= Pseudo-scalarmed. (DiracDM) Oe, 7y  1-4]  Yes 139 | Mmnea 376 GeV &q=1. g=1, m(y)=1 GeV 2102.10874
Q  Vectormed. Z/-2HDM (DiracDM) ~ O e, 2b Yes 139 |mz 3.0 Tev £2=08, m(x)=100 GeV/ 2108.13391
Pseudo-scalar med. 2HDM+a _multi-channel 139 |m 800 GeV. tanp=1, g=1, m(x)=10 GeV ATLAS-CONF-2021-036
Scalar LQ 1° gen 2e >2j Yes 189 | LQmass 1.8 TeV B 2006.05872
Scalar LQ 2™ gen 2pu >2j Yes 139 | LQmass 1.7 TeV. B=1 2006.05872
Scalar LQ 3" gen 1T 2b Yes 139 | LQjmass 1.49 TeV. B(LQY - br) =1 2303.01294
O ScalarLQ3" gen Oeu  >2j,>2b Yes 139 |LQymass 1.24 TeV BLQY - ) =1 200414060
~ ScalarLQ3" gen >2e,u,217>1),>1b  — 139 | Lol mass 1.43TeV. BLQ > tr) =1 210111582
Scalar LQ 3 gen Oepu,>17 0-2j,2b Yes 139 LQ@ mass 1.26 TeV B(LQ§ — bv) =1 2101.12527
Vector LQ mix gen multi-channel 21}, 21b  Yes 139 | LQY mass 2.0TeV B(0h — tu) = 1, Y-M coupl. ATLAS-CONF-2022-052
Vector LQ 3" gen et >1b Yes 139 | LQJ mass 1.96 TeV B(LQY — br) =1, Y-M coupl. 2303.01294
© VIQTT - Zt + X 2el2u/z3eu 210, 21] - 139 T mass 1.46 TeV SU(2) doublet 2210.15413
2@ VLOBB - WyZb+X multi-channel 36.1 | Bmass 1.34 TeV. SU(2) doublet 1808.02343
T S VLQTgsToslTos > We+ X 2(SS)=8eu>1b>1j Yes 361 | Tssmass 1.64 TeV. B(Teis = We)=1, o TssWe)=1 1807.11883
g g VLQ T — Ht/Zt Tep 21b23] Yes 139 | Tmass 1.8 TeV SU(2) singlet, k7=05 ATLAS-CONF-2021-040
88 viQY - wh leu =1b>1] Yes 361 |Ymass 1.85 TeV B(Y - Wh)=1, cg(Wb)= 1 1812.07343
== VviaB- Hb Oep >2b>1j,>1 - 139 [ Bmass 20TeV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLL 7' — Zr/Ht multi-channel ~ >1] Yes 139 | t'mass 898 GeV SU(2) doublet 2303.05441
© o Excitedquark g° — qg - 2j - 139 | g" mass 6.7 TeV only u* and d*, A = m(q") 1910.08447
’Q’ § Excited quark g* — qy 1y 1] - 36.7 | a" mass 5.3TeV only u* and d*, A = m(q") 1709.10440
) & Excited quark b* — bg - 1b1j - 139 b* mass 3.2Tev 1910.08447
Excited lepton 7* 27 >2j - 139 | =" mass 4.6 TeV A =46TeV 2303.09444
Type Ill Seesaw 234epu >2j Yes 139 N° mass 910 GeV 2202.02039
LRSM Majorana v 24 2j - 361 [Namass 3.2TeV m(We) = 41TeV, g = gr 1809.11105
$ | Higgstriplet H** » W*W*=  234e4(SS) varous Yes 139 | H mass 350 GeV DY production 210111961
£ Higgs triplet H=* — (( 234eu(SS) - - 139 [ H#* mass 1.08 TeV DY production 2211.07505
6 Multi-charged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |q| = 5e ATLAS-CONF-2022-034
Magnetic monopoles - - - 34.4 monopole mass 2.37Tev DY production, |g| = 1gp, spin 1/2 1905.10130
V5=13TeV  Vs=13TeV 1 T L L
partial data full data 10 1 10 Mass scale [TeV]

“Only a selection of the available mass limits on new states or phenomena is shown.
FSmall-radius (large-radius) jets are denoted by the letter j (J)
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Overview of CMS EXO results

referred to as Energy frontier
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Physics programme: the energy frontier

= A large fraction of the UK HEP community works within ATLAS or CMS

= The physics programme is also huge -
= Searches for (heavy) new particles usually

usually

Overview of CMS EXO results

referred to as Energy frontier

CMS preliminas March 2024
String resonance . 0578 191103947 (2} BIL?
. . Zyresonance " 0350171203143 (24 + 1y; 20 +1v:2j+ 1y} Bt
W resmance . 158021 137 -
summarized and presented as this Ze :
000 oo O S K =12 . 707!
‘Scalar Diquark » 137 o]
4 ¢, pseudoscalar (scalar, g2, x BRIg=2) " 0018~ BIKT
i 49, prevdoscalar (scala), g3, x BRI$20 " JOI0B038 191104968 (32, 2 41 LI
» 370"
H * 0, H H H P s 1B
ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary . e Hipo
. 1381
. 1 _ 10117
Status: March 2023 [Ldt=(3.6-139) b Vs=13TeV » “35 e —
" Doublycharged tau’, HSCP infnteIfetime, DY production o 00: 0117
miss _ Lo
Model Cy Jetst ET™ [ram] Limit Reference [ES——— . ‘p R a0 b7t
T T T T T T T T T T T L | T T T E quark compositeness (1), . BU360210302708 20) [140 o~
| ADD Gk +&/q Oeury 1-4j Yes 139 |Mp H2TeV! n—2 210210874 Gt gonCorct i . e
§ | ADDnon-resonant yy 2y - - 367 |Ms 86TeV  n—3HLZNLO 1707.04147 cted epton Cntacterscion .
£ ADDQBH - 2 - 139 | My, 9.4 TeV 191008447 0350719103761 (= 3 181!
5 ADD BH multiet - >3] - 36 | M 9.55 TeV 1512.02586 St e
@ RS1Gu >y 2y - - 139 | G mass 45Tev 2102.13405 (o0 o madator 010
£ BukRS Gux — WW/ZZ multi-channel 361 | Gy mass 23TeV 1808.02380 {onabvector madto 50201 ° L0 bt
W Buk RS guk — tt leu =21b,>10/2 Yes 361 |@xxmass 3.8TeV 15% 1804.10823 i 1 . i o,
2UED / RPP le  >2b23] Yes 361 |Kimass 1.8 TeV Tier (1,1), BAM) — 1) = 1 1803.09678 forobioos ” sosad SR 2171302 (140 it
¥ = 000472107 13021 (2 1 +p7" 0117
SSM Z" — ¢t 2ep - - 139 Z' mass 5.1TeV 1903.06248 H X 5310, 10+ 22j 4+ pg* 36!
w SSM Z' — 7T 2T - - 36.1 Z’ mass 2.42TeV 1709.07242 e 005042 210710692 (0, 1 + 22} pi'” L7
£ | Leptophobic Z’ — bb - 2b - 361 |2 mass 2.1 TeV 1805.09299 e B e
@ Leptophobic 2/ — tr Oe,p b.22J Yes 139 |Zmass 41 Tev T/m=12% 2005.05138 s I e Bep
S  ssMw v Teu - Yes 139 | W’ mass 6.0 TeV 1906.05609 ‘ 053150801713 h 45 EL
® | SSMW -1y 1T - Yes 139 | Wmass 5.0TeV ATLAS-CONF-2021 e 2151 307151 o o3
D ssMW - th - 21b>21J - 139 | W mass 44TeV ATLAS-CON® e . OB 0155450020010 2 dplcedi 95 e 171
@ HVT W’ — WZ model B 02eu 2j/1J Yes 139 [W’mass 43TeV & =3 g - . 02008 0 [ ) B7m
S WVTW - WZ- 600 modelG Ben 2](VBF) Yes 139 |Wmass 340 GeV gven =18 =0 ° eI ey “ M e eS0T 02 (114 3 497 B
HVT Z' — WW model B leu  2j/1J  Yes 139 |2 mass 3.9TeV & =3 . o
LRSM Wg — uh| 2 14 - 80 | Wgmass 5.0 TeV m(Ng) = 0.5 TeV, # . 2 B!
R HOR a " (Ne) arks » JOEIAE 1806 01058 (2j) 38!
Cl qqqq - 2j - 37.0 A 2187 p scouting boosted. N 00702: 128!
Clitqq 2eu ~ _ 139 |a AP mass degenerated higgsinos o triet boosted scouting " 007.0.075 5 0095-0 105 NS PASEXO.21.0 28"
Cl eebs 2e 1b - 139 |A 1.8 TeV a 100 @ 1t . TN
Cl upbs 2p 1b - 139 |A 2.0TeV e 3 . E1
Cl ettt >lep  >1b>21] Yes 361 [A 2.57 TeV \) N Py
Axial-vector med. (Dirac DM) - 2j ~ 139 | “ oo . e
S Pseudoscalarmed. (DiracDM) Oey,ry  1-4]  Yes 139 | e 376 GeV. 4 . 170
Q  Vectormed. Z/-2HDM (DiracDM) ~ O e, 2b  Yes 139 |mz 108.13391 ! ” L7107
Pseudo-scalar med. 2HDM+a __ multi-channel 139 | ma 800 GeV \ s ILAS-CONF-2021-036 i . i
(- LASCONFr2021-036 o
Scalar LQ 1 gen 2e >2j Yes 139 |LQimass s 2006.05872 L : e
Scalar LQ 2™ gen 2pu >2j Yes 139 | LQmass 2006.05872 nen otating B4, Mo = ATeV. o =6 M 36!
Scalar LQ 3 gen 1T 2b  Yes 139 |LQymass =1 2303.01294 000 VED G +9 391 Gy =, =3, €203, MG =01 L70!
[¢] Scalar LQ 3" gen Oe,pu >2j,22b  Yes 139 LQY mass N 2004.14060 “( :g; 3—‘
~ ScalarLQ3" gen >2eu,21721j,21b  — 139 | LQd mass o BLQY - tr) 2101.11582 . 138D
Scalar LQ 3 gen Oeu.>170-2j,2b Yes 139 [[LQymas® B(LQS — bv) 2101.12527 N
Vector LQ mix gen multi-channel 21, >1b  Yes 139 | L@ B(Th - tu) =1, ¥M coupl ATLAS-CONF-2022-052 . : e
Vector LQ 3" gen euT >1b Yes 130 B(LQY — br) =1, Y-M coupl. 2303.01294 H " BB
" 360!
© VIQTT - Zt+ X 2el2u/>3eu >1b,>1j  — 13% SU(2) doublet 2210.15413 " E
2@ VIOBB - WZb+ X multi-channel 36.1 SU(2) doublet 1808.02343 . P R
TS VLQTsTspslTes » WE+X 2(SS)>3eu>1b>1j Yes  36.1 1.64 TeV' B(Tsy3 = W)= 1, ¢ Te;sWe)=1 1807.11883 . Tosot e w1 201 36 -1
g g VLQ T — Ht/Zt Teu 21b,23] Yes 139 1.8 Tev SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040 o Vi " 2w 0N
8§ vioy - wb Teu >1b>1] Yo 361 1.85 TeV B(Y - Wb)=1, cr(Wb)=1 912.07345 o gmtmsrion o recsmnc . Sras a2z 7!
== vias-Hb Oep >20,31,>1 - 139 [u 20Tev SU2) doubet, k5= 03 ATLAS-CONF 2021018 sty : SIS 20T 1 e e e e A Brhn
VLL 7 — Zt/Hr mult-channel  >1j  Yes 139 |= 898 GeV. SU(2) doublet 2303.05441 .
. aons0073 19203776 20 1717
kel Excited quark g* — qg - 2j - 139 Q" 6.7 TeV only u” and d*, A = m(q") 1910.08447 " D02 191204776 (20 137 m;‘
i A 5 e . . s oisoaser02140 2 a7t
‘9’ £ Excited quark g* — gy 1y 1j - 367 |am 53TeV only u* and d*, A = m(q") 1709.10440 . SR s 454021005 250 Ha
j & Excited quark b* — bg - 1b1]j - 139 b* mass 3.2Tev 1910.08447 . 25115 210302108 (20, 20) 140 m':
Excited lepton 7* 21 22j - 139 " mass 4.6 TeV A=46TeV 2303.09444 » 0528 191103947 (2) BN
" OOT0125 1905 10331 (3, 1y} 361!
Type lll Seesaw 234eu 22 Yes 139 [WVmass 910 GeV. 2202.02039 Sz, * 1o
LRSM Majorana v 2y 2] — 361 |Nemass 32TeV m(We) = 41TeV, g1 = gr 1809.11105 § e . e
$ | Higgstriplet H** » W*W* 2344 (SS) various  Yes 139 | HE mass 350 GeV DY production 2101.11961 f | oo M LIt
£ Higgs triplet H=* — (¢ 234epu(SS) - - 139 [ H* mass 1.08 TeV. DY production 2211.07505 ssuwin . - L7
©  Multi-charged particles 7 - - 139 | mulicharged particle mass 159 TeV DY production, [q] = 5e ATLAS-CONF-2022-034 i P M ] N e
Magnetic monopoles - - - 34.4 monopole mass 237 Tev DY production, |g| = 1gp, spin 1/2 1905.10130 LRSM Wb, Mo =0.5Mn, . 00502112 03949 (23 +2) 3% rn"‘
e N cam212.1208 (x4 ) 137
V5=13TeV  5=13TeV - L o <0 50 M 12070 s Bt
rtial — 20-ta . 103552307 08708 (Z i + 2 1) 1381
partial data full data 10 1 10 Mass scale [TeV] LRSH W), M =05 M — 1
“Only a selection of the available mass limits on new states or phenomena is shown. 2 HSCPta 600 GeV mass with it etime - et

FSmall-radius (large-radius) jets are denoted by the letter j (J)
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Physics programme: the energy frontier (prospects)

= A large fraction of the UK HEP community works within ATLAS or CMS

= The physics programme is also huge - usually referred to as Energy frontier
= Some HL-LHC prospect studies, done also to understand the impact of the detectors performance

proton-proton cross section ratio (compare to 13 TeV)
minimum

: Section
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https://cds.cern.ch/record/2703572

Physics programme: Long-lived particles

= A large fraction of the UK HEP community works within ATLAS or CMS

= The physics programme is also huge - usually referred to as Energy frontier

= Adding the (life)time dimension: long-lived particles (LLP), require
specialized and dedicated reconstruction techniques

. S @
ATLAS Long-lived Particle Searches* - 95% CL Exclusion ATLAS Preliminary Wide ra nge of © " S 8
Status: March 2023 [£dt=(32.8-139) fot V5=13TeV - S Q g S ~§
Model Signature  [£dt [b7'] Lifetime limit Reference experime ntal E "; “ s E a ., ;" I
RPV % - ug displaced vix + muon 136 | { lfetime P "~ ————— o.t‘wwle.t;;m] | m(r)—iﬂe!/ R 2008.11956 S g E g : L ?\) '% "E
RPV {0 - eev/euv/uuv  displaced lepton pair ~ 32.8 | 72 lfetime 0.003-1.0m m(§)=1.6TeV, m(7)=13TeV 19807.10087 Si natu res e E S = g § g a :"?i g
RPV ¥ - qqq displaced vix + jets 139 |9 lifetime 0.00135-9.0 m m())=1.0TeV 2301.13866 g 'Q § 3 & 8 3 E g ﬁ % —é\
GGM P - ZG displaced dimuon 329 | &) lifetime 0.029-180m  m()=1.1TeV, m({2)=1.0TeV 1808.03057 § § % g E g\' E IS E g_ g .
GMsB non-pointing or delayed y 139 | ¢? lfetime 0.24-24m m(0, G)= 60,20 GeV, By=2% 2209.01029 . ' ol Sl R = ;
GMSBF — (& displaced lepton 139 | Z lfetime 6-750 mm m(F)= 600 GeV 2011.07812 R I C h sea rc h
§ GMSB 7 — 7G displaced lepton 139 | 7 lifetime 9-270 mm m(7)= 200 GeV 2011.07812
D s pp— FiR0. 7 F;  disappearing track 136 | ¥} lifetime 0.06-3.06 m m(i;)= 650 GeV 2201.02472 p rog ra m 3
AMSB pp — F473, %1 ¥1 large pixel dE/dx 139 | ¥} lifetime 0.3-30.0 m m(})= 600 GeV 2205.06013 E
Stealth SUSY 2 MS vertices 361 | § lifetime 0.1-519m B(g - 5g)= 0.1, m(z)— 500 Ge 1811.07370
Split SUSY large pixel dE/dx 139 [ g lifetime >045m m(g)= 1.8 TeV, m(i})= 100 GeV 2205.06013
Split SUSY displaced vtx + EF*  32.8 [ glifetime 0.03-132m m(g)= 1.8 TeV, m(§3)= 100 GeV 1710.04901 |
Split SUSY 0¢,2-6jets +E™ 36.1 g lifetime 0.0-21m m(g)=1.8TeV, m(¥3)= 100 GeV | ATLAS-CONF-2018-003
Hoss 2 MS vertices 139 | slifetime 0.31-724m m(s)=35 GeV 2203.00587 I n ne r dete Ctor
® H-ss 2 low-EMF trackless jets 139 | s lifetime 0.19-6.94 m m(s)=35 GeV 2203.01009
S | VHwith H - ss - bbb 2¢+2displ. vertices 139 | s lifetime 4-85mm m(s)= 85 GeV. 2107.06092
Etll FRVZ H — 2y4 + X 2 jets 139 [ 7a lifetime 0.654-939 mm m(y4)= 400 MoV 2206.12181
@ FRVZH - 4y, +X 2 -jets 139 | 7q lifetime 2.7-534 mm m(yg)= 400 MeV/ 2206.12181
_% H—Z4Zy displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Zy)=40 GeV 1808.03057
H - zzy 2 e, 1t + low-EMF trackless jet36.1 | Zq lifetime 0.21-5.2m m(Zs)=10GeV 1811.02542 |
U] @00GeY) - ss low-EMF trk-less jets, MS vix 36.1 | s lifetime 0.41-51.5m 7 x B=1pb, m(s)= 50 GeV 1902.03094
§ ©(600GeV) —»ss  low-EMF trkcless jets, MSvix36.1 | s lifetime 0.04-21.5m 7% B=1pb, m(s)= 50 GeV 190203094 ca |.0 I'i m ete rs
(1 TeV) - ss low-EMF trkcless jets, MS vix36.1 | s lifetime 0.06-52.4 m & x B=1pb, m(s)= 150 GeV| 1902.03094
W — N{N - ety displaced vix (uu,ue, ee) + p 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
W = Ne,N - tev displaced vix (uupue, ee) +4 139 | N lifetime 3.1-33mm m(N)= 6 GeV, Majorana 2204.11988
% W - NEN - ey displaced Vix (uu,ue, ee) +e 139 | N lifetime. 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988 I
W > NE,N — fy displaced vix (e, ee) +e 139 | N lifelime . . 0.39-51 mm . ' | m(N)=86 Ge\l/» Majorana 2204.11988

0.001 0.01 0.1 1 10 100
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Vs=13TeV  V5=13TeV
partial data full data 1 1 1 1 1

|
*Only a selection of the available lifetime limits is shown. 0-001 0.01 0.1 1 10 100

img:H. Russell

7ns] Credit: Sara Alderweireldt (loP 2024)
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Physics programme: Long-lived particles

= A large fraction of the UK HEP community works within ATLAS or CMS

= The physics programme is also huge - usually referred to as Energy frontier

= Adding the (life)time dimension: long-lived particles (LLP), require
specialized and dedicated reconstruction techniques

f . S @
. R : Wide range of 0 g 2
= [ .g.: Higgs decaying in long-lived scalars a g .3 & & RS
’ Lot experimental Eoeffegeoes
So . O [} S =
= Reconstruct displaced jets using Graph NN , S\Tf signatures . 52 : SR E §»§ 2 8
: EEEISEIfECE
34.7 b (13.6 TeV) _ _ Rich search
F T T T T | T ] Pushing the boundaries through novel program
10°t CMS t Data - analysis techniques
E Pre”mlna,y Predicted background E 34.7 fb'1 (13.6 TeV)
10°E Fyrompr > 0-98% ms=40GeV,cr,=1mm 3 %\ CMIS L - !
g —~H,H-—>SS E L ,:
S mg = 40 GeV, ot = 10 mm t " Preliminary - Inner detector
3L _| F .
10 E BH->SS)=1% - mg = 40 GeV, ct, = 100 mm 3 L 10°F yoss o dico. E
C ] :2 E S — bB Pr’ns:?:5::;?04(2021)012015 :
102?.4._—_|_'_\_‘_ E S T ma0cey O E
- ‘ PR e 10 L SHED 03 (20851 160 = [
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8 ] (@] F
10 | | | | | | 3 10%E : :
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Credit: Sara Alderweireldt (loP 2024)
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Physics programme: beyond our own “definition” ...

= Dark matter and hidden (dark) sectors are a key target for GPDs..

Higgs decaying in WIMP-like DM (Higgs-portal) Higgs decaying through dark photons

E 107 TZ\‘\\\‘~
2 - N
g - i
104 : ‘‘‘‘‘‘‘ ‘*
495: m, =65 GeV _ .-
109 F -
10-535:_'

ATLAS

‘.
-,

coherent elastic ne

Vs= 7TeV, 47" =
Vs= 8TeV, 20.3fb" ]
Vs=13TeV, 139fb" <

utrino-nucleus scattering |

107" 1 10

107 10°
Mywe [GEV]

https://arxiv.org/pdf/2403.09292

See also CMS

http://arxiv.org/abs/2405.13778

DM through heavy mediators

11

Vs=8-13 TeV, 20.3-139 fb"

T T T T

Ll

1 10

Dark Photon mass [GeV]

95% CL exclusions
= Observed

Expected

Boosted dijet (77 fb)
Phys. Rev. D 100 (2019) 112007

Dijet w/ btag (19.7 fb")
Phys. Rev. Lett. 120 (2018) 201801

Dijet w/ ISR j (18.3 fb™)

Phys. Lett. B 805 (2020) 135448
Dijet (35.9-137 ﬂl")

JHEP 08 (2018) 130

JHEP 05 (2020) 033

DM + jIV(qq) (137 fb™)
JHEP 11 (2021) 153

DM +7 (35.9 fb%)
JHEP 02 (2019) 074

DM + Z(Il) (137 b))
Eur. Phys. J. C 81 (2021) 13
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Non-ATLAS searches
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Semileptonic B decay mode
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41.6 fb~! (13 TeV)

Majorana

CMS (re, ry, rt) = (0, 1, 0)

- CMS, JHEP (2022) 081

—— Observed - CMS, arXiv:2402.18658
—— Median expected ATLAS, Phys. Rev. Lett. (2023) 061803
95% expected S LHCb, Phys. Rev. Lett. (2014) 131802
BN 68% expected - Belle, Phys. Rev. D (2013) 071102
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Physics programme: beyond our own “definition” ...

_—
Collider Production
‘—
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https://arxiv.org/pdf/2403.09292
https://cms.cern/news/mapping-uncharted-territory-cms-reviews-searches-dark-matter
https://cms.cern/news/mapping-uncharted-territory-cms-reviews-searches-dark-matter

DM and Dark Sectors at HL-LHC

ATL-PHYS-PUB-2022-018
= For HL-LHC not as many models have been scrutinized, but Extended Higgs sectors

enough feasibility studies made on benchmark models

+lo - - CMS 35.9 b [JHEP 09(2018)007]
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50— — ——— T
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Physics programme: beyond our own “definition” ...

sinzefff extracted from AFB(ee, )

= Precision physics (sometimes VERY precise...)

Status: October 2023

Standard Model Production Cross Section Measurements LEP Ay L —— ‘ 0.23099 + 0.00053
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Physics programme: beyond our own “definition” ...

o o >d from AFB(ee,up)
®» Precisi HL-LHC prospects for effective leptonic weak mixing angle and W mass
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Physics programme: beyond our own “definitions” ...

= EWSB and beyond: Higgs self-coupling | S :I B

Ly = Emlz{H2 + + AH? 000/ ---H
= Huge improvements just with the Run 2 dataset reanalysis m>
--.:/IHHH
o/ : . K200/ “SH
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Self coupling
< 10 T I T 1 1 7T I T T T 71 I T 1 T 7T I T 1 1 7T I L ICI Ibl Lj(lbl I Id;
L — ombined (observed) -
ﬁ B f_TLAS Internal . Combined (expected) %E
.. —e— QObserved limit (95% CL) | L Vs =13 TeV, 126—140 fb- --=- bbyy 45
ATLAS Preliminary Expected limit (95% CL) 8t~ HH combination - bbTiT 1%
Cross- Vs =13 TeV, 126—140 fb™" (unH =0 hypothesis) I  Exp95%OLi[16,72  |Mulieptons 13
. . Expected limit +10 i D et == bbbb 12
section Ogor +ver(HH) =32.8:51 fb T - Obs95% CLi[12,7.2 o pois 15
[ Expected limit +20 — . mis
E== Theory prediction g ,H ; 1%
t7b // Il’ 7 8
Obs. Exp. b H /95% cL| 3
Kt,b \\ e """"'""-;"""""'"_-'_ E
bbil + Efiss + 292 403 &b N ]
g “H ! I/I |
Multilepton * 486 336 .
’L__1_________4___________6__8_0_/_0__(_3_l:_:
bbbb * 163 241 SN gl ]
g ~ Y Zeloa T o b
] ;o == 0 5 10 15 20
bbyy + 125 158 K)
HTH T 166 98
b * e kK, €[-1.2,7.2](x, € [-1.6,7.2])
Combined (] 86 71
IS ) A I R I e Ky € [0.57,1.48](k,, € [0.4,1.6])
20 50 100 200 500 1000 2000 2V | ’ I 2V 10.4,1.6]
Oggr + var (HH) [fo] 2 M coupling modifier

S
kS =0;/0; t
16 General purpose detectors: ATLAS and CMS towards HL-LHC ’ S 25/06/2024




Physics programme: beyond our own “definitions” ...

° ° 000 --=-H .
= EWSB and beyond: Higgs self-coupling 1 :I
L,=—-myH?+ + AJH? 000l «o--H -
h ) H 4
= Huge improvements just with the Run 2 dataset reanalysis m>
--.:/IHHH
= Reaching our own projections faster than we thought :) “"”L v
Self coupling
<O 771 T T T
< [ ATLAS Internal e ] &
ATLAS and CMS HL-LHC prospects 3 ab1 (14 TeV) N [ vs=13Tev, 126—140 fb-! by
~12 T ; 8/~ HH combination -—— bbTtT" =5
- B 1 1 ifi . . B -=-- Multi-leptons 5
= [ SM HH significance: 40 | . — Combination  epswoLptara L e 3
T 10l ] 0.1 <k1<2.3[95% CL] : N Obs 95% CL:[1.2,7.2] - ___ by 4 s ] §
N | 05<Kki<1.5[68% CL ; -==- bbyy . . ‘ ;
| ', : . t7b // 8
994%cL 8 il /N bbe w omem gLt AVEN P Jos oL 4
Y "= bbbb g oost/ VP n ’
6 B b
B ' bbZZ*(4l) ]
A § i 88%CL]
95% CL afs __ o\ oo e - bbVV(Iviv) i W
[ 1520
g “‘ K
2f~ .
68% CL [ s o3\ /2l e kK, €[-1272](x; € [-1.6,7.2])
_I L I~I~I~I:T'L~L‘.? e -'-::'-:'—: """"" ]
0
2 1 0 1 2 3 4 5 6 7 8 e Ky € [0.57,1.48](k,, € [0.4,1.6])
ATL-PHYS-PUB-2022-018 K2 9 gM coupling modifier
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2022-018/

New ideas and cutting-edge technologies

= Amazing results achieved thanks to deployment of new ideas

- a very dynamic environment - always try to do better! Examples

. . . Flavour tagging: b and c jets
Data Scouting / Trigger Level Analysis

Track inputs Combined Inputs
e enhance sensitivity by pushing thresholds ATL-PHYS-PUB-2022-027 : :
Jet inputs
respect bandwidth limits by only storing reduced event content @& —
° P _ _ -y Y g. * Novel Graph Neural Network
e analysis performed with trigger level objects

approach - optimised all the P m—
discriminating information for

- 30 :CMS HLT rates and instantaneous luminosity averaged over one fill of a given data-taking year b - / C _j ets [ N E I
s oF Scouting * Auxiliary tasks: tracks / :
5 156 3 classification and vertex l* H *-* *-i . 1]-f ==
T 10k : c g S e, e
sE- | association .—»—»% S
0E i
W 5
EA B standard " : F : _
§ 3 Parking § L ATLAS Simulation Preliminary - S'Ig!TI.f'Icantly lmprovgd b tag .
g L 1 0E 202 oY 250 Gev — GNiLep ] efficiency and light-jet rejection
; . l £ | Liahtiot ejoction of 100 por in | | |
0 [ ] [ ] [ ] . > 09F — —_— S 10°F ATLAS Simulation Preliminary — 0Lt 3
= — p— — ° F Vs =13Tev —— GN1
w2 _ = I L0 [t 20 <pr <250 GV S Na a3
o.'g 15 7 Instantaneous Luminosity > % S 0.8 — 1 g E\ GNITC
‘?’o . Z / % -..q—-';- C 1 poy 103 ;\ 1§
= ! Z _ /% _ _ 5 07F ] 5 Lf : 1
z _ / / % / Q D 2l
g 05F -z 7 <o E
E o % 2 % % % % % 0.6 1 1 1 1 10' F ]
= 2012 2015 2016 2017 2018 2022 2023 ﬁ 1.1 T T T T i ]
[ Fill 2998 ] [ Fill 4452 ] [ Fill 5418 ] [ Fill 6324 ] [Fill 7124 ] [ Fill 8489 ] [ Fill 9044 ] Q —_ o 100 1 1 1
9 T ———— » 20 C T T I 1
https:.//cms.cern/news/same- A A sRRI N\
. is T80 100 150 200  25( & ok ]
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i

L 1 | 1 |
0% 0.7 08 0.9 1.0
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https://cms.cern/news/same-lhc-same-cms-more-physics
https://cms.cern/news/same-lhc-same-cms-more-physics

Towards HL: the CERN Long-term Schedule

= Where are we going?
= | .S3 (2025-2029) - could

shift by 6-9 months

= Run 4 and beyond (HL-

LHC): ~10 years
programme a LS4 shutdown
in 2033+ 2> 3 ab-1/
experiment expected

» 14 TeV collisions

CMS Experiment at the LHC, CERN
'/ Data recorded: 2016-Sep-08 08:30:28.497920 GMT
Y= | Run/EventLS: 280327 /55711771 /67

19

up to 200 proton collisions
every 25 nanoseconds
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- Long Shut-down

(Re)Commissioning

Bl operation

-Tech nical Stops

High instantaneous lumi (pileup) = improve granularity and timing info
High integrated lumi = high radiation environment - replacement of
tracker and endcap calorimeter
Huge amount of data (computing, storage) - new trigger & DAQ systems

25/06/2024




GPDs upgrade programs at a glance

ATLAS detector * CMS detector

Trigger/DAQ

Trigger/DAQ,
L1/HLT - 1IMhz / 1kH L1/HLT - 750kHz / 7.5kHz
Muon detector Luminosity & Track info at L1

- Upgraded electronics
mproved coverage forward detectors EM/HAD calorimeters - Upgraded electronics

calorimeter barrel

& muon system

Improved
muon detector
coverage

New high-granularity
calorimeter endcap

Inner tracker

Timing detector new, all-silicon, Inner tracker B
high-granularity timing detector, ~ OVE€rage up ton| <4 new, coverage up to | <3.8
pile-up mitigation

20
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Inner Tracking Detector (ITk)
1400-ATLAS Simulation Preliminary

= One of the main UK deliverables for ATLAS r00

= Complete replacement of the current inner detector
= Pixel and Strip sensors for a very large total surface

= novel powering and cooling and consistency with upgraded DAQ
(1MHz)

Larger angular coverage (n: 2.5 2 4)

r [mm]

1’]:1.0

= High radiation tolerance (up to 1 x 10'® neq/cm?)
= Reduced material

\I\|III|II\‘I\I|III|I\I‘\II|I

z [mm]

——— Moderator o
—— PP1 and enclosure ATLAS Prellmlnary
“+++ Dry Nitrogen . .

L3 Str)ilp ser\glces and cooling Simulation
——= Strip supports

—— Strip modules

——= Pixel services and cooling
Pixel supports
Pixel modules

Run2 ID ITk

ITk Layout : 23-00-03

Radiation Lengths [XO]

T IIII|IIIIIIIII|IIII|IIII|IIII

T 0 05 1 15 2 25 3 35 4 45
1000 [mm]

Material comparison between current ID an?j Tk
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Inner Tracking Detector (ITk): status

= A lot of good progress has been made, in UK and elsewhere
= Schedule remains challenging

= |TK strips: issues on sensors - lot of work to understand and solve problems

“Interposer” solution, module design modified Cold tests (-70 deg) on-going
y~ - L € == - T\ i o] B
7, o 1o0ir [N

CAM-PPB2-55.04
b% 20USBMS0000302

= |TK pixels: hybridization process and ASICs - to be watched out but only for pre-production
= Joint task force ATLAS-CMS expert for ASICs
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Towards the HL-LHC

ITk outer cylinder arriving in SR1 at P1




ATLAS upgrade: Trigger and DAQ

DAQ: FELIX prototype testing on-going

= Another important UK deliverable

» Phase [l TDAQ SpelelcatlonS are Challeng]ng: Event filter: demonstrators progressing

= LO rate 1 MHz with 10us latency well and on track, very good progress on
GPU and FPGA support in ATLAS software
= EF output rate 10 KHz

» Estimate event size of 4.6 MB

[ Inner Tracker ] [ Calorimeters ][ Muon System ]
T A

—_— ] LO Trigger: prototyping
] o —— and testing
E Secto:':ogic] Procerslgg:r]
B S
Data Handlers -»
(e

Event
Processor

Lo ]
viv, v )

L I 1
' 1
' 1
[
FELIX I(- i e CTP

| USA15 (Underground)

Routers and Fibres (Dataflow)

| <200m
| SDX1 (Surface)
[ Data Handlers ] <€---- LO trigger data (40 MHz)
¢ <~ = L0 accept signal > ”
<«— Readout data (1 MHz] | X
e P1 containers __g”e= o
[ Dataflow ] <~ - EF accept signal
4:. Output data (10 kHz)

I Il

Event EF access
[ ] switches
25 Gbps
o~ n Event
. Filter
Processor Farm Storage
x32
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e Long Range I Routers and Fibres
- Link aggreg. o= Top-of -Rack switches.

ToR switches (EF rack)

x51




GREAT PROGRESS ON ALL SYSTEMS 157th LHCC Meeting - OPEN Session - Feb 2024

;.;’_f__-:’“" — \
—FalFsCale barrel IS | tegration mockupis
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CMS upgrade status: tracker

= CMS also going through a total replacement of its tracking system X 16 e e
' i idi 14F —
= |ncreased granularity (~1200 tracks / unit of pseudorapidity) 3 =

= Reduced material to preserve calorimetric resolution T

v

= Contribution to the L1 trigger (outer tracker tracks identification )

0.0 0.2 0.4 0.6 0.8 1.0 1.2 1.4 16 i
=5 1200 —— /
£ -
1000} |||| “” |||| |||| ”H -1
N ———— T B | am— ]
N — —— ”|| |||| [ [ [ 20 . 15 2 25 3 35 4
600 r [l [l ||” ||” “” /
= NN Iy Iy I I I |24
e IR RN N N N N N I, I, ||II ||II ||II 26
400:;____\\%§\\ SN N N N RN} Iy Iy ||II I|II |III : 28 high t
Il Il Il I Il | Igh transverse
N N N T T S W W L ~ 52 momentum programmable
200 = 4.0
0# h 'h “ Ih 1 h 1 L h 1 | i| | L * | L | L L | L L | L | L ' L L | - t0p sensor
0 500 1000 1500 2000 2500 n

z [mm]

0
|
O]

bottom sensor

low transverse
stub momentum

Outer tracker

UK deliverables in particular on electronics and
algorithms for track trigger, and ASICs - progressing
(ASICs completed)!
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Y

2m

A

CMS calorimeter and DAQ

mass ~200T
each endcap

= CMS calorimeter (ECAL) system fully upgraded

= Radiation tolerant, shower lateral compactness, fine granularity

2.62m

= Resolution 20 ps /channel and contribution to the L1 trigger
=» DAQ:

= 50k high-speed front-end optical links

= Up to 60 Tb/s data rate, total event size 7-10 MB

r=

& | Highlights N P
) Detector Front-Ends (FE) < .
[ Tngger Processors ‘ Trig_g‘er‘ar‘ld deie&or data. ~ 50,000 x 1-10 Gbps GBT |ink$ ‘ ? B D Unlfled detector readOUt
e Back Ends 4 Trigger 12105ks data ks ] & = ATCA form-factor for detector backend
TTC ,, f——— 100 Gbs data sacicEngs
TCDS/EVM 75 DTH Detector —~{_om 3 O Dual-function board DTH-400
LLLL Back-Ends ATCA
“.".i‘l"’ s S | H — * DAQ data aggregation
CLRLTA e 2 = Timing and Trigger Control and Distribution
[a)
 1000x100 Gbe det Rnks | | | [111110114y  Datato Surface (D2S) 200m fibers | 1 QO Event Network
M Data to Surface. Data Concentration Network I * RDMA over Converged Ethernet
200 x 400 GbE ports L |1 O Heterogeneous HLT nodes
~ 200 RU/BU servers | .
t? 'TJ = GPU-equipped servers
~ 200 x 400 Gbs switch || M RoCE Event Builder | ]
~ 200 Tbs bandwidth I Event network Chassis based Ethernet switch I 6
] Event Back Bone
~ 400 x 400 Gbs switch ]
l g L3 . . L
Top ot ek 15%) (v 10 P foalsurape (SN M UK deliverables in particular on electronics and
50 GBs access | Storage
Yk B -- - -- SEE algorithms for L1 trigger (calorimeter) > progressing!
5 2 ecording
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Bl B H L=, Y Tracker integration facility, CERN
EE B Ea e - 2

= B !

Outer thacker assembly & integration centers

BTL Tray with cooling
pipes

!
L am
Q

1484

‘ 5
ETL proﬁww

:S,

157th LHCC Meeting - OPEN Session - Feb 2024

CMS Phase-2
Upgrades

transitioning
into production

Huge progress
although little end-float
left in the schedule

»
HGCAL mockup;-
cabling, iiegraﬁgsts

? vy |
e 50— ol‘sj Dl

HGCAL tileboard wingboards
N -0

BT
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[ ]
( 'Om utln at HL_LH( ' https: //atlas.web.cern.ch/Atlas/ GROUPS/PHYSICS/UP
GRADE/CERN-LHCC-2022-005/

Run 3 (1=55) Run 4 (1=88-140) Run 5 (1=165-200)

3 [T T TSR " | ' ' ' | RN " ' | ' ERO

= The HL-LHC presents significant computing challenge § S0-ATLAsPrelmnay ;
= A lot of work on-going to cope with that & manageable, = 40r : CopED o -
exploiting rapidly changing technology landscape and with lot of §  gof— Sustained budget mocel fo B
efforts from people e . 1

&) B 4 |

= |n UK, coordinated efforts (i.e. within the SWIFT-HEP project) to & °°F ]
address challenges from various perspective - efficient MC E oo E
production, efficient analysis software etc. - ]

05050 2022 2024 2026 2028 2030 2032 2034 2036

» Fxample: MC simulation improvement (for Run 3)

L1l

30

S
<

20

s Year
@ 80p - . Very similar for CMS!

o) - ATLAS Simulation MC23 (p=1.83k, o=151) o o .
« 70— 1000 jobs, 100 tf events each . MC21 (p=2.22k, 0=282) = 35T _Run3 =55) R IR' ?mf871?0). ___m TQL-J?S.ZO?_.
Q "k W MC20 (u=3.2k, 0=261) W, "~k ATLAS Preilmlnary 2]
o) - 3 - 2022 Computing Model - Disk 05
o 60— @ s
£ - I 3 3 ]
é 50— g * Conservative R&D /; 3
- 2 2.5F v Aggressive R&D N -
- q 40— — Sustained budget model o 7
CERN courier article - (+10% +20% capacity/year) ). 3

10

llllll'l'lillllllllllll I‘lJllllllllLll

III|IllI|IIII|I

O[TTTT

1500 2000 2500 3000 3500 4000 4500 T il il i b il L
HS23 sec favent 2020 2022 2024 2026 2028 2030 2032 2034 20

36
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-005/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/UPGRADE/CERN-LHCC-2022-005/
https://cerncourier.com/a/atlas-turbocharges-event-simulation/

Summary

= ATLAS and CMS are running efficiently in Run 3 and producing CMS (source: LHCP plenary - Boston 2024)

many results key to understand the SM and explore beyond: =0T 683 e NGk /

= a ‘science powerhouse’: they are, per-se, facilities rather than 2001 o sy e sumas2 /
experiments, where new ideas are constantly explored - dynamic DA otte ” v

and innovative 1501 | ' /

1294 _puplications and S
= Many UK-lead contributions not mentioned here: Flavour physics, 1o | Submissions on o
entanglement in top-pair production, HI physics and more collision data
= Furthermore: ECR fora and initiatives (physics and upgrade); open %07 B, 00° > ®
collision data that allow diverse collaborations (use of Al, training of

0-

next generation of physicists and more..)

S 10\,o«l 10-\’6' 10\,%l 101‘3' 101'1,I o
» Scientific outcomes can be ‘enriched’ with additional small e
S C R e gGRBs(5ee' Josh's talks) ATLAS: 1286 papers with collision data
= Physics prospects for HL-LHC offer incredible opportunities: * [T papers in 2023

* 59 papers in 2024

= Higgs-self couplings, New physics models, precision physics + 340 Run 2 papers

= Probably conservative, given constant improvements!

= The HL-LHC upgrade of both experiments is well on-going:

= Challenges are also opportunities, understanding the complexity of As the last European strategy and the P5
new detectors and technologies is key for future facilities and can report underline, HL-LHC remains (one of)

g |
SIS El SOl e itelng the highest priority for our community!
= |mprovements in computing are relevant well beyond collider
experiments = sustainability is key
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Back up
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Physics programme: the energy frontier

= A large fraction of the UK HEP community works within ATLAS or CMS

= The physics programme is also huge - usually referred to as Energy frontier

= Adding the (life)time dimension: long-lived particles, require
specialized and dedicated reconstruction techniques

. S @
. Wi o : Wide range of e " g2
= [ .g.: Higgs decaying in long-lived scalars rang <8 88 = S
experimental S ce 3 S gnae 8
» Leavmg no stone unturned... signatures 8 S §_ = 3 3 £ 8 &a 8
ATL-PHYS-PUB-2022-007, Frattari LTSS EIE TE T
S &8 2 2 5 2 2 &5 & 8 &8
= = ~c QL SN =
. . _1 0 _ °
& 1 ATLAS Preliminary (March 2024) s=13 Tev, 36140 fo_ [ Hidden Sector J, = 125 GeV Rich search
g 'Ewi ; ~ N\ /. i 3 Selecte S results
:@ - 1 95% CL observed limits program
E - § : — Searches: ]
; H —..— Muon System (2 Vix Only), 139 fb"
1o B s SUNUNPIIYIN § RS WS W / ........... EON Phys. Rev. D 106 (2022) 032005 , |
= 3 —-— Muon System (1 Vix + 2 Vix), 36 fb"
S B Do ore) ag2005 Inner detector
= — JHEP 06 (2022) 005
- — - . Tracker+Muon System, 36 fb -
H Vi H Phys. Rev. D 101 (2020) 052013
10—2 e N Needpe b Ao 2.....—~ =.=. Tracker, 139 fb~
E = \ : = JHEP 11 (2021) 229
- Q: : @ @ Tracker(b-tag), 36 b
=E I =] JHEP 10 (2018) 031, I
5 : g -| —.— Monojet, 139 fb
m == I T ATL-PHYS-PUB-2021-020 .
a: :n m  H- inv, 7-8-13 TeV combination Calorimeters
10—3 O T T T T PP ST — ATLAS-CONF-2020-052
S E Tracker, 37.5-140 fb™'
- . arXiv:2403.15332
: : : LLP masses: '
-4 ' ' P R R RS AR E A .5-8 GeV .15-20 GeV 25-35 GeV Muon system
107 1 10 10® 10°
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