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ATLAS detector
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Status: June 2024

Standard Model Production Cross Section Measurements
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Direct searches beyond the SM

SUSY Exotics

1 TeV +

ATLAS Preliminary

ATLAS SUSY Searches* - 95% CL Lower Limits

ATLAS Preliminary

M
ATLAS Exotics Searches™ - 95% CL Upper Exclusion Limits

July 2024 Q Vi=13TeV Status: May 2020 [Lde=(32-139)fb V5=8 13TeV
" _ . miss . 1
Model Signature  [rar ('] Mass limit Reference Model Ly Jdetsi BT [ra) Limit Reference
i, g+ Qe 2Bjels  Ex™ 140 — 1.85 mi?)<400 GV 201014299 ADD Gy + £/ Oep 1-4j  Yes 361 |Mg 7.7 Tev n=2 171103301
% mono-jet  1-3jets  ER 140 § [8x Degen] 09 migi-miT)=5Gey 210210874 ADD non-resonant yy 2y - - 36.7 Ms 8.6 TeV n=3HLZ NLO 1707.04147
iss o - 2 - 370 [m 89TeV -6 1708.00127
o, 26jots £ 140 = 201014283 ADD GBH J he
o ! T s Forblader K i 0 GoV 201014298 ADD BH high I pr- zlew  =2) - 32 |Ma B2TeV.  n=6 Mo =3TeV, ol BH 1606.02265
5 1 26 jet 14 7 o, ADD BH multijet - 23] - 36 | My 9.55TeV =6 My =3TeV, ot BH 1512.02586
or ol o — 2 m{fi)<600 GeV 21001629 RS1 Grwc — 7 2y - -~ 367 |Guemass 41 Tev 1707.04147
e ee.ppt 2jets  E 140 | & 22 m(K})<700 GeV 2204.13072 Bulk RS Gy — WW/ZZ multi-channal 361 | Guw mass 23TeV 1808.02380
o Oep  7-11jets  ER™ 140 |7 1.87 miF}) <600 GeV 2008.06032 Bulk RS Gy — WV — (vqgq Teu 2i/1J  Yes 139 | Guemass | 2004.14636
§ SSep 6 jets 140 | & 145 mi{E)-m(i;)=200 GeV 2307.01094 Bulk RS giy — tt leu =1b,>102 Yes 361 | Bk mass 3.8 TeV [im=15% 1804.10823
= 0-1ep an Epe 140 2 245 m[i’g]:ﬁ)ﬂﬁs\f 2211.08028 2UED/RPP lepu =2b=3] Yes 361 KK mass 1.8 TeV Tier (1,1), BAM — 1) = 1 1803.09678
SSeqp Gjets 140 F3 125 miE)-m(¥))=300 GeV 1909.08457
SSM Z° s if 2ep = o 139 | Zmass 5.1 TeV 1903.06248
biby ey 2h EPR 140 | B 1.255 m(¥])<400 GeV 2101.12527 SSMZ' 1T X 27 - - 36.1 2’ mass 2.42 TeV 1709.07242
By 0.68 10 GeVeAmib k| )<20 GeV 2101.12527 Leptophobic Z* — bb - 2b - 36.1 Z' mass 21 TeV 1805.09299
TR . . Leptophobic Z* - ¢t Oes =21b22J Yes 139 | Z0mass 41 Tev rim=12% 2005.05138
b3 — bh¥] Oe, 6h  ETS 140 | B Forbicida 23-1.35 1908.03122
§| bbb i PEO A O e 013085 210308168 suw o 1es S Y o T toom.00000
i niss. 7 =0, - TV T - 5 . mass N
Otepn  =zljet EY Mo @ 125 mif)=1 GeV 200414060, 2012.03789 HVT W’ — WZ — fvggmodel B 1e,u 2§/1J  Yes 139 | Wimass 43Tev v =3 2004.14636
: Tepu 3psb Ep™ 140 |§ Forbidden 1.05 miF})=500 GeV 2012.05783, 2401.13430 HVT V7 — WV — qggqmodel B O e 24 - 139 [Wmass: 3.8 TeV 1906.08589
i 12r  2jelsMb M 40 | & Forbiddan 14 miF =800 GeV 2108.07665 HVT V' — WH/ZH model B multi-channel 361 | W mass 2,93 TeV 1712.06518
= § Qep 2e bz:: 36.1 ] 0.85 muf!)=u GeV 1805.01649 HYT W’ — WH mode! B Qe =1lb=2J 139 | W' mass. 32TeV CERN-EP-2020-073
« Oep  monojet EY 140 | 0.55 mif, i ) =5 GeV 210210874 LRSM Wi — th multi-channal 361 | Wa mass 3.25 TeV 1807.10473
12ep 1-4b  EF™ 140 | & 0.067-1.18 m(i%}=500 GeV 2006.05880 LRSM Wi — uNg 2u 14 - B0 | Wg mass 5.0 TeV m(Ng) = 0.5TeV, g = gr 1904.12679
Bep [T FT A Forbidden 0.86 mi1}=380 GeV, mij; Fm(i'}= 40 GeV 2006.05680 Claaqq N 2 = a0 |a 218TeV 1., 170000127
i : i niss Gt 2e, - - 139 |A 358 e, CERN-EP-2020-066
¥iE viawz Multiple £/jets ES 140 0.96 0, wino-bi 210601676, 2108.07586 aq H e
W via e zljet  EBS 140 0.205 i s GV i birs 191112608 Cl teet lea  =1bz1)] Yes 361 |A 2,57 TeV Carl = 47 1811.02305
T via ww 2ep EF™ 140 0.42 miF)=0, wino-bino 1908.08215 Axial-vector mediator (Dirac DM}~ D e,u 1-4j  Yes 361 | My 1.55 TeV' £4=0.25, g=1.0, m{x) = 1 GeV 1711.03301
i Multiple £/jets EF™ 140 Forbidden 1.06 mii)=70 GV, wino-bino 2004.10894, 2108.07586 Colored scalar mediator (Dirac DM) 0 e, u 1-4]  Yes 361 Mypea 1.67 TeV £=1.0, m(y) = 1 GeV 1711.03301
Zeg EPs o qap R 1.0 miZ,#)=0.5(mi} JomiEl)) 1908.08215 WV yy EFT (Dirac DM) Oep  1d 1] Yes 32 |M. 700 GeV miy) <150 GeV 1608.02372
27 P P e 05 mif 2402.00603 Scalar reson. ¢ — ty (Dirac DM} O-1ep 10,01 Yes 361 [ma 3.4 Tev ¥ =04,4=02 my) = 10 Gev 181200743
g, i8] Zew Ol w0 |7 07 o mi 190808215 Scalar LQ 1 gen 126 =2f  Yes 361 |LOmass 14TV B=1 1902.00377
o 21 T 40 ¥ 0.26 mif)-m{i)=10 GeV 181112608 Scalar LQ 2™ gen 120 =2]  Yes 361 |LOmass 1.56 TeV g=1 1802.00377
A, Fi—hG/2G gr.p 2 3{; Egs 1:8 g oss 0.94 BR(T} — hi)=1 gdg;-::ggf Scalar LQ 3" gen 2r 2b - 361 L% mass 1.03 TeV BLQY — br) =1 1902.08103
e jets - . BR(I; — ZG)=1 103. r ™ gen 01e, 2 1 LQf mass BLQY = t1) =0 1902.08103
Qe = 2large jets Eﬁ‘" 140 " 0.45-0.93 BR(Y, — ZG)=1 2108.07586 Scalar LQ 3 g “ L Yes 3 Gy naf )
e =2jets  ET™ 140 | & 077 BR(F] — ZG)=BRIF] = iG)=05 220413072 VLQ TT — HtjZe/Wb+ X multi-channel 36.1 | Tmass 1.37 TeV SU(2) doublet 1808.02343
VLQ BB — Wt{Zb+ X multi-channel 36.1 B mass 134 TeV SU2) doublet 1808.02343
prod.. long-lived £} Disapp.tk 1jet  Ep™ 140 | &) 0.66 Pure Wino 220102472 VLQ Topa Topsl Tys — We+ X 2(SS)z3ep21b21] Yes 361 | Tsamass 1.64 TeV B(Taz = W)= 1, e(Tea W)= 1 1807.11883
5 021 Pure higgsina 2201.02472 VLQY - Wb+ X leu =21b21 Yes 361 [¥mass 1.85 TeV BY — Wh)= 1, ca(Wb)= 1 1812.07343
E g Stable # R-hadron pixal dE/dx Efs a0 | g 205 2205.08013 \T[g &-,Tf b\n;;i(vq ’ 19':: rE 1:5? ! ;Z: Zﬂ'g _B s — o ATLA%:;N;:‘SJ oo
- Matastable & R-hadran, &g pixel dE/dx Ep 140 | & [ =i0ns 22 mii})=100 GeV 220506013 . - - - -
§' E_ U166 Displ. lep Epse 140 | &@ 074 ATLAS-CONF-2024-011 Excited quark g* — qg - 2] - 139 |Qmass 6.7 TeV only u* and d", A = m{q") 1910.08447
- £ 0.36 ATLAS-CONF-2024-011 Excited quark g* — qy 1y 1] - 367 |q" mas 53TeV only o and @, A = mi{g") 1709.10440
pixel dEjdx L U 0.36 220506013 Excited quark b" — bg - 1hj - 361 | b* mass 2.6 TeV 1805.09288
Excited lepton (* 3epu - - 203 A=3.0ToV 1411.2621
W zeate Bep 140 Pure Wino 201110543 Excited lepton v* eyt - - 203 A= 16ToV 1411.2621
) ) P ™ .
X1 /¥2 — WWZEEeewy den Ojels £ 140 mu.),zooG:v 210511684 Type Il Seesaw 1eu >2j Yes 79.8 ATLAS-CONF 2018020
28 jets 140 234 N Large &, 2401.16333 LRSM Majorana v 2u 2 i 32TV (W) 41TV, & — gn 180011106
= Multiple 36.1 mi¥|}=200 GeV, bing-lke ATLAS-CONF-2018-003 Higgs triplet H** — ¢ 234ep1(SS) - _ 36.1 DY production 1710.09748
& = db 140 Forbiddan mit})=500 GeV 201001015 Higgs triplet H** — ¢+ Zeur - - 203 DY production, B{H;* — (1) = 1 14112921
2jets+20 36.7 0.61 171007171 Multi-charged particles - - - 36.1 multi-charged particle mass DY production, |g| = Se 1812.03673
i, hi—gf 2ep 2h 140 0.4-1.85 BR{f; —+be| byt)>20% 2408.18367 Magnetic monopoles - - - 34.4 monopole mass 237 TeV DY production, lg| = 1gp, spin 1/2 1905.10130
T oV 136 1.6 BRI —qul=100%, cosf=1 2003.11956 Vi=13TeV | yE=13TeV | N P | N PR | N PRI
T IRIEY, Ry —tbs, B —bbs 1264 >Bjels 140 |4} 0.2-0.32 Pure higgsing 2106.09609 partial data full data 1071 1 10 pass scale [TeV]
. *Only a selection of the available mass limits on new states or phenomena is shown
" * * * — * * * — +Small-radius (large-radius) jets are denoted by the letter j (J).
Only a selection of the available mass limits on new states or 10! 1 Mass scale [TEV] all-radius (large-radius) jets are denoted by the letter j ()

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

Mass reach of 2HKSNJ (K

the ATLAS searches for Supersymmetry. bSé LKSy22YSYyl!
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HLLHC Schedule (updated in March 2025)
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Delivered peak (integrated) luminosity as a function of year. The nominal scenario in Run 5 corresponds to a pileud@8about
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ATLAS Upgrade: Phase

Multiple improvements to trigger, detector and computing

L1-Calorimeter trigger with improved granularity
New topological L1 trigger

New Small Wheel (NSW) for muons

New timeof-flight capability for AFP

Increased performance of software (Mulkhreading)

L1 CALO

<K<K

E(G V)

Trigger Towers
NSW: Reduction of fake u triggers
w day - «10° |
® ATLAS preliminary ew Small Wheel
data 2017, VS = 13 TeV fL sc=o o
—— L1 MU20 2017 ’
[ rejected by Tile coincidence M .
99 rejected by RPC BIS 7/8 coincidence (estimation)
i rejected by NSW coincidence (estimation) =
I expected distribution in Run 3 %

©O
(=} 6 Il offline reconstructed muons
2 B offiine p; =20 GeV
8
- .
Super Cells ki

Run3
2
o]
o_.
=2 =1 0 1 2
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ATLAS Upgrade: Pha$ie

New and upgraded forward
and luminosity detectors

Trigger & DAQ upgrades
New muon
chambers &
electronics

HL-LHC major LHC upgrade, goal:
4000 fbt (Run3 x10 ) with flat
luminosity profile

at 7.5 x16*cn¥st (7.5 x original
LHC Luminosity) arD0

iInelastic pp/bunch crossing

New High
Granularity
Timing Detector
(HGTD)

Calorimeter
electronics . L\
upgrade A ) )

\

New all silicon Inner Tracker (ITk)

ATLAS

EXPERIMENT
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Major ATLAS upgrade to cope with higher luminosit -

(radiation hardness, high detection granularity and resolution,
precision track timing, powerful triggers):

A analla At AO02Yy Ay Yy S KNdhanils antl &cokbtandeutil|Ep, M m s
A aforward highgranularity timing detector with 5@stiming resolution per hit,
A new RPC trigger chambers in the barrel to improve the muon trigger selec
A anew trigger and DAQ system with 1 MHz hfid a 10 kHz LRigger rates,
A an upgraded detector FE and BE electronics in the calorimeters and muon
= [rr T T T n l
€ 1400—ATLAS Simulation -
— L . | An artistic view to get a better feeling of the ITk layout
c L ITk Inclined — w2200_17|1]1111111rr] T T ]
1200 - mn =.1 .0 . ] Barrel Strip End-Cap Strip (Disks) é 2000 :_Vq_TLA?gGSI/n:'IT%_tIO\? =
C B fad £ Vs=1lo. e 3
1000 = Microstrips - . 1800 ITk Layout: 03-00-00 K
C =20 7 3 1600:_’rt, Track p, > 1 GeV V/ E
C i o . F¢ ITk{u) =200, 4.0 ¥ 3
800! = = 0 1400E-0 Tk <ﬁ>=2oo, mI:m =
s00E- ] E 81200;—¢ Run 3, {u) €[0,80], | < 2.4 =
// 7 510005— =
400 _ag g, 800 E
n=30 - S 600F s
! _ > c 3
2007 NEET s n=40 - < 400F =
O : -' r I\I 1 1 1 | ‘ 1 1 | 1 ‘ 1 1 1 1 | 1 1 | 1 ‘ | | | L | I7 200 ‘ _;
0 500 1000 1500 2000 2500 3000 3500 T N S Y T R
z [mm] Barrel Pixel Number of interactions

RedimpiLeZm

Nine barrellayers at radii 33 1000 mm from the beam line,
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ATLAS Simulation

Vs=14 TeV, HL-LHC
tt, (m)=200

12000 tracks in the tracker
acceptance (each 25 ns)

N7

SOSY Ul RAALISWBSYE T dpyl 3 NORYIRASIR 2 Y id nMBQIXyY d 0 NIxQ SRR
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ITk Pixels Area (M0 Y M ® b 0 ITk Pixel Module
| L

Y2 Rdzft Sav

- ATLAS Simulation  mmm Pixel ITk Layout: 03-00-00 |

350¢ [0=10 /n=20 Outer Endca] = 7 ,,,,,, 4‘
T, (R ek
| R
|
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=30 Flex. PCB

> Si Pixel Sensor

2
Outer Barrel

chip > .
s 4 X Readout chips

Quad Module
Lk " A
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| |
1]
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0 500 7000 1500 2000 2500 3000
z [mm]

Module production has started!
(300 modules assembled)

V We see difficulty in reading out some modules,
workaround is to disable pixel core columns

V Delamination study: Si debris in masked region,
further care is taken in dicing/bonding

¢h5Y, K ¢MISAESE {eaidsSy ¢Sad GdSIY Aa GlrftARFGAYT (GKS ySé
Y2RdzZE S 5! v &aSitdzLlJar &ASNAIFf @24 SINA yaT AGKS AdySzazi alay R dzLJO:
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Sensor

Active area: 165.3 tn
# modules: 17888
# of channels: 59.87M
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ITkStrips - Challenges and solutions
After cooling to-35C After thermo

PEAK THERMAL STRESS

T cycling (15% rate) FLEX
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| ‘ 17Hyt:ria / o ybnd g ‘E
e 20
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| | Interposer
o S Y1 s L e, Most recent updates —
S Full coverage hysol petal has seen cracks

128 256 384 512 640 768 896 1024 1152 1280 S <5444
Strip channel number (X hybrid, under stream) . Wide gap modules on hysol have seen cracks e I e
5 l C Interposer stave side has gone down to -70C gw = = = Sgg‘:*gg
kel = e W without cracks o
r Mp— i I .

]
SE4445 (soft)
Sensors, chips, mechanics, services in production

. : .. Modern Trends in HEF2025, Batumi M N
Global support structures now at integration sites



Efficiency

ITk/Run 3

Expected performance of théTkin dense environment of the HLHC

T A A S B S S R
I ATLAS Simulation —&— Pixel

< ]
) =200
@ 10°E Vs =14 TeV, HL-LHC —+ Pixel §”§ =0 3
o F %Tk\@Lazy?zt-ng 00-00 —#— Strip (u) =200 3
@ : —+— Strlp (u)=0 N
k7] a4l ¥
S 107 ySunting gu "= “-'. “un l"“'ll-
% I! - l..-. .I...“llll - . :
@ T
o 1% =
£ = E
S F 3
z C - ]
Yry _y¥ V¥ ¥ ¥ ¥
102 ?J;*“ ;;;‘_‘ ¥;¥¥¥“¥¥¥“¥"¥¥¥ '_"*‘-v- >V T, ¥_:
E * *’;,'_ ¥¥‘¥-‘ ¥ L2 E
| L i e v b v b b b v ey i
-4 -3 -2 -1 0 1 2 3 4

Number of clustersn Pixeland Stri”p

r LRI e m
1"_ A LAS Szmulatlon Prellmlnary ]

L If_ 14 TeV, HL-LHC —e— Run 3, (i} [0, 80] —— ITk, (u) = 200 -

- 1Tk Layout: 03-00-00 ml<2.4 N, =9 at m|<2.0 ]
0.95 tt, HS, Truthp_> 1 GeV n,=8 n.;=8 at 2.0<m|<2.6—
c n,;=7 at 2.6<n|<4.0 1

C —o—o o 3
08~ z —— —a = E
L —& —k— —— s ]

r —h— ——a— —a— —k— 7
0.85%— —]
i . e ]
0.8— —o—o— ——— ]
: 1 I 1 1 l 1 1 l L1 1 I 1 I 1 I l 1 1 :

1 04 ;T I L. [ T I LI I T I T ] ]' T T__:
1:025_ —A—h— —— _E
e E
0.98F . —.—_, e =
0 : 9 6 :—1 1 I 1 1 [ 1 1 I_T_I_T_l L l 1 I—T_fr - l il l - l—:
-4 3 2 - 0 1 2 3 4
Truth n

S X L M C1 OG;AITLLAQISWIHL;IAUBHI;’rélllrlnllné}y; e _
wSadzr 0a Twﬂ;‘l‘@ ﬁ)x W@Z{g I ut.lg,\fRMTeV,HLLHC +Run3, () <[0,80]
7\ u KL 7\ f S dZL-J I\E@ng U aﬂcﬂ 04|_ |Tu_ayout:03-00-00 o~ ITk, (1) = 200 N
§1.02} ]
8 e . E

9 L e —
Vertex reconstruction %0'98_‘ . -

—+—
efficiencyas a function of ~06: :
the local pileup density Y A TTIUNTNTRUNTRN I

©

QQSMIPLLRYH NE3) 2
02 0KS ORANSYI2 2
¢ KISeK]t t Saa Y d:$
YSE&dINBYSy i O2VYLE
OdzNNBE Yy (i Ly Yy $¥NJI 854
ddzLILI2 NI YIF GSNRAI §
NERdAzOGA2Y 0 ©

a2RSNY ¢NByREpP AWV Uz9 A

1.8
1.6
1.4F
1.2
1
0.8
0.6
0.4
0.2

0

Local PU density [Vertices/mm]

NI Ol AYIAPFEREASYy O

- ATLAS Simulation
- Passive material until hit requirements
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High Granularity Timing Detector (HGTD)

Detector to be installed on each of two calorimeter extended barrels

« Located endcap regions outside of ITK (]z|=3.5 m), active area coverage: 2.4 <|n| < 4.0
»  Per track timing resolution of 30-50 ps, up to a fluence 2.5 x 10" n,,/cm?

*  Operating temperature -30°C (CO2 dual phase cooling)

Double sided
detector wheel

m Sensor
Module

Overlap between modules ———

I Cooling plate

'ﬂﬁs}‘tgle sided
vers |

Peripheral
Electronics

CO2 cooling
manifolds

Inner Ring: Middle Ring: Outer Ring:
70% sensor overlap 50% sensor overlap 20% sensor overlap
20mm
5.5mm 8.4mm 14.5mm
w W "
A\ w W
" \ W\
120 mm 230 mm 470 mm 660 mm

Modern Trends in HER2025, Batumi

Moderator/
Inner part

—~{ Back cover

Moderator/

Outer part
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High Granularity Timing Detector (HGTD)
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