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e ATLAS in run-3

* EW Precision measurements

* Multi-boson

* Higgs

* Top

* Searches for physics beyond the SM
* Heavy lon

e Summary

W mass talk Thursday noon

CMS + ATLAS Higgs talk tomorrow at 10am

long lived particle review Wednesday morning
SUSY & BSM talks Wednesday afternoon
Dark Matter on Saturday morning
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e ATLAS in run-3

New Small Wheel detector LAr front-end electronics

25m
N
9 )
N
! Tile calorimeters
s LAr hadronic end-cap and
forward calorimeters
Pixel detector

Toroid mdgnets LAr electromagnetic calorimeters

Muon chambers Solénoid magnet | Transition radiation tracker
Semiconductor fracker

New Muon RPC detector (BIS78)

TDAQ off-detector electronics:

« L1 hardware trigger:
- L1 calorimeter
- L1 topological
- L1 NSW trigger
- L1 endcap trigger
- L1 MuCTPi

- Readout system

« HLT
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Cumulative Recording Efficiency [%)]
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ATLAS in run-3

at13.6 TeV

* Increased pile-up of u=53.6 with levelling at 63.
* Data taking efficiency 94%
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Integrated Luminosity [fo ]

* Collected 142 fb™ of proton-proton collisions

* Improvements of detector and
reconstruction push the physics potential.

Already seven
run-3 physics
papers
published.
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e Several detector

improvements over run-2, eg.:

ATLAS in run-3
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New Small Wheel ‘stcc
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Big Wheel
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* New Small Wheel detector

(muons)

* Higher granularity of L1

Calorimeter trigger

=> Significant L1 rate

reduction!

Trigger Tower

Particle
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EM3
EM 2
EM1

Presampler
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ATLAS in run-3
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e Several reconstruction improvements, e.g.

* Improvement of EM energy calibration by >2
~0.05% for Z > e+e-
~0.2% for E;(y) = 60 GeV

* Flavor tagging performance enhancement with

advanced AlI/ML techniques

Alexander Oh, Corfu 2024

4x background rejection improvement with graph neural
network tagger (GN2) compared to early Run-2

* Improved understanding of EM reconstruction
efficiencies lowering uncertainties by 30-50%.

(arXiv:2308.13362)

26.8.24

C-jet rejection
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* E\WW Precision
measurements

Standard Model Total Production Cross Section Measurements
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Status: June 2024
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ATLAS Preliminary
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Theory
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e-print arXiv:2403.15085

W mass and width

* See talk from Maarten Boonekamp on 4pm today.

DELPHI
Eur. Phys. J. C 47 (2006) 309
T, =2404 + 173 MeV

OPAL
Eur. Phys. J. C 47 (2006) 309
T, = 1996 = 140 MeV

L3
Eur. Phys. J. C 47 (2006) 309
T, = 2180 = 142 MeV

ALEPH
Eur. Phys. J. C 47 (2006) 309
T, =2140 = 108 MeV

Combination
Phys. Rep. 532 (2013) 119
T, =2195 + 83 MeV

DO
Phys. Rev. Lett. 103 (2009) 231802
T, =2028 = 72 MeV

CDF
Phys. Rev. Lett. 100 (2008) 071801
=B882 72 MeV

ATLAS

This work
T, = 2202 + 47 Me)/

Overview of ', measurements

ATLAS

: | : -
{s=7TeV, 4.6fb"
-
| .o
@ Measurement
[Jstat. unc. -5 -

| _WTotalUne. G|

.§M Prediction —
i i i

1500 2000 2500

First '\, measurement at the LHC

T, [MeV]

2300

2200

2100

[
ATLAS
Vs=7TeV, 461"

A Bestfit p=-0.30
¥ SM prediction

X (80355,

95% CL

2088)

1
80320

|
80340

|
80360

W mass vs width

|
80380

|
80400
m,, [MeV]
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e-print arXiv:2403.12902
Run-3: W/ Z production

* First run-3 W/Z measurement,
added 13.6 TeV data point.

* Fiducial cross section ratios for precise
theory comparison.

tt/W ratio slightly
lower the predicted.

W/Z ratio in good
agreement.

n

o

o
T

Total production cross section [nb]

501

200

r 2.76 TeV, 4 pb™', EPJC 79 (2019) 901

1501

1001

4 pp— Wdata
v pp— Z data
—— Theory (NNLO)

5TeV, 25 pb™", EPJC 79 (2019) 128
7 TeV, 4.6 fb™, EPJC 77 (2017) 367
8TeV, 20.2 fb™!, JHEP 02, 117 (2017) (for 2)
8TeV,20.2 fo!, EPJC 79 (2019) 760 (forW)
13 TeV, 81 pb™!, PLB 759 (2016) 601 (for W)
13 TeV, 3.2 ™", JHEP 02, 117 (2017) (for 2)
13.6 TeV, 29 fb™' (this analysis)
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ATLAS
Vs =13.6 TeV, 29 fb"

|||II

. Data (stat.® syst.)

e CT18
= CT18A
A MSHT20

v NNPDF4.0
o PDFALHC21(m=171.5 GeV)

o PDFALHC21(m=172.5 GeV)
& PDFALHC21(m=173.5 GeV)
o ATLASpdf21

A ABMP16
(Inner uncert.: PDF only)
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e-print arXiv:2402.16365

WZ polarization at high p;

* Measure
olarisation
ractions of vector

bosons.

* V/ V| shows quadratic
sensitivity to new
physics in .
Interference regime.

* Previous
measurement fy, =
(6.71+1)%, not
optimised for V V,.

* Chose phase space
to maximise
contribution from
V. V..

—————>

[arbitrary units)

do/d|cos G|

— onlyLL
-=-- notLL
01 | S— 1 T S S T— 1 L J
0.0 02 04 0.6 0.8 1.0
|cos 6*|

Cancellation at Born-level leads to
“radiation-zero” (RAZ) dip in angular
distribution. Sensitivity enhanced for V V,.

(pb]

do/d|cos 6|

SM BSM
qr.rqL.r — VLV (h) ~1 ~ E%/M? l
qr.rGLr = VaVi(h) | ~mw/E | ~ mwE/M?
qr,rAr,r = VaVi | ~my/E* | ~ E?/M?
qL,rRqL,r — Vi Vx ~ 1 ~ 1

from arXiv:1712.01310

O e e A L A e B B
pp—> W*Z 14TeV
1Y LO matched with extra jet ggf 3
myz = 1 TeV il
0.100 ez
0010 ______——---ZZIZZe-TTT
— ==
0.001
— onlyLL Black: no pryyv cut
l0-4. ~——= not LL Green: pryy < 100 GeV ]
Red: pryvv < 70 GeV
0.0 02 04 0.6 0.8 1.0
[cos 67|

Additional jets dilute cancellation.
Restricting pryy help to restore the

[13 RAZ”'
12
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e-print arXiv:2402.16365

WZ polarization at high p;

* Observable rapidity difference

between [, and Z: AY(ly, 2).

@ 100" T T T T T T T I T
[ =3 - =
e L amas y
w = + Data . WTzr -
800[— Vs =13 TeV, 140 fb" —
- -7 Tot. Uncert. .
600 — —i
400{— —
200— —

2
B 18E ¢ e
& 16E =
8 4 .| . . S &
T 9E A /* IS 93P )7, ,+, L( ,9,_'.,,’5/#/)0':,,(/,-,/.‘f,/'Z{/ 3
=) 0.8E AT 7 ST TR T TIIIII7777, 3
0.6E z 3 . 2 =
-6 -4 -2 0 2 4 6
AY(l,, 2)
Prvwv < 20 GeV

Depth AY(W2)I

Data/Pred.

Define depth variable to
quantify dip:

D=1-2xNmt N

central sides'

1.2 T T ]
- ATLAS e Data —+ MG+Pythia %% Tot. Uncert. E
1 Vs =13 TeV, 140 fb" .
T TT polarization state ]
0.8 . -
y “+ ]
B 2
0.6 — =
0.4 -
02f -
ol | | ]
1.2 ! !
1% % o Z,
0.8
20 40 70

max(p}'?) [GeV]

First observation of “RAZ”
in WZ events!

13
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g L I L l T 17T I T 171 I L I L I L I T 17T I T 17T I L

° ° . B ATLAS . \[,)vatza W.z mW.Z, 1

£ 350 - _ 4 AW, Z,  mWiZy =

WZ polarization at high R R AL i SR
T @ SR 100<pZ<200 GeV - Tot. Uncert. E

300F post-Fit " .

77

* Measure polarisation fractions.

* Use boosted decision tree (BDT) to separate
longitudinal and transverse polarisation

components. ,
* Improved fraction of fy; over previous analysis B st Lé
. . 8 :/, I S S S D $ L ) /ﬂ:
* inclusive fyo=® 7%  (PLB 843 (2023) 137895) 5t - 'Y',Mf AN vl‘ ¥
e 7 By W S s
. ~ _ o . . -1 -08 -06 -04 02 0 02 04 06 08 1
* high ptfgo = 16-17% (this analysis) o ccore
Measurement Prediction
100 < pZ <200 GeV pZ > 200 Gev 100 < pZ <200 GeV  pZ > 200 GeV
foo 0.19 +0-9% (stat) £0-02 (syst)  0.13 £3-09 (stat) +0-92 (syst) || foo 0.152 + 0.006 0.234 + 0.007
Jor+10 0.18 £0-07 (stat) 095 (syst)  0.23 +0-17 (stat) +0-% (syst) || for 0.120 + 0.002 0.062 + 0.002
frr 0.63 +0-03 (stat) 00y (syst)  0.64 +0-12 (stat) £0-9 (syst) || fro 0.109 + 0.001 0.058 +0.001
l foo obs (exp) sig. 52(43) 0 . 1.6 2.5) o ‘ frr 0.619 + 0.007 0.646 + 0.008
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VBS: Wy WZjj

* Vector boson scattering probes quartic gauge boson vertex.

* Differential measurements provide powerful probe of SM.

* Effective field theory dim 8 operators can be constrained.

* ATLAS measured all VVjj processes (V=W,Z,y), focussing on two recent results:

U d q
q
Wt
Z
144

U U q .

q

VBS Wy VBS WZ

e-print arXiv:2403.02809 e-print arXiv:2403.15296

15
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VBS: Wy

* NN trained for EW
signal separtion,
highest ranking
variables:

* lepton-photon
centrality

* pseudo-rapidity
difference of jets

* Angular distance
of jjand ly
system.

Events

Data / Pred.

1800 :LI TT ‘ TTrTT ‘ TTTT I TTTT I TTTT l |||||||| ‘ TTTT I TTTT I TT 11
- ATLAS ¢ Data b
1600~ Vs =13 TeV, 140 fb™ EW Wyjj
C EW W(—Iv)yjj Strong Wyjj 7
1400~ SR™ Non-prompt]

[ Post-Fit Il Top Bkg.
1200— M Zyii ]
C 72 Uncertainty -
1000~ 7. 2 ]
800 i— . 2z —
600 [ic@iciiis . -
4001~ A
////// o
200 —:

0.8 : : * * * : : : *

0O 01 02 03 04 05 06 0.7 08 0.9

1

NN score

do/ dm, [fo/GeV]
o

—_
S
w

o -
A a O

| ATLAS

|

| EW W(—h)yjj

Vs=13TeV, 140 fo' 1
NZP =0, g <035 (SR)

jets
¢ Data, stat. unc.
[ Total unc.
[o] Sherpa 2.2.12
[2] MadGraph5+Pythia8 ]

Ratio to Data

o '

4x10° 5x10°
m; [GeV]

2x10° 3x10°

e Measured fiducial cross
section og=13.2+x2.5fb
signal strengt ugw=1.5+0.5

» Unfolded differential
measurement at mjj>‘|TeV

16
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VBS: Wy

* EFT interpretation using the
Eboli basis dimension-8
operators:

f(8)
Leg = Lsm + Z 0(8)

* Use p+{(jj) and p!() to
constrain tensor type (T)
and mixed scalar (M)

coefficients.

* Added constrains on Wilson
coefficients fy3 and fqy.

fro/A* [TeV?]

15

10

-10

-15

-IIIIIIIIIIIIIIIlllllllllllllll-

T T T I L—
ATLAS
Vs = 13 TeV, 140 fb ']

Exp. 95% CL Limit
—— Obs. 95% CL Limit
—— Unitarity Bound
1 I 1 1 1 1 I 1 L 1 | I 1

3 4 5
My, cut-off [TeV]

Cofficients [TeV~4] Observable Myy,, cut-off [TeV] Expected [TeV-4] Observed [TeV 4]
fro/A* py 1.4 [-2.5, 2.6] [-1.9, 1.9]
fri/A* py 1.9 [-1.6, 1.6] [-1.1, 1.2]
fra/ A Py L6 49,53 [36,40]
FT?/A“ P 19 [-3.4,3.6] [2.5,2.7]
fra/A* ps! 2.2 [-3.1,3.1] _ 22,23
frs/A* p,{.]: 1.8 [-1.8, 1.8] [-1.3, 1.3]
fre/A* py 2.1 [-1.5, 1.5] [-1.1, 1.1]
Ffri/A* pl/ 2.1 [-4.0, 4.1] [-2.9, 3.0]

17
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production of W/Zjj

1824 e-print arXiv:2403.15296 450
S L ATLAS " e paa 1 27F arLas’ " e Daa E
; 50 T Vs=13TeV, 140 fb" — wgg\g[) T ] ~ 400 (s=13Tev, 140" — xggvélD wr
o 2 Y wzjjsR,N =2 R 3 £, E bCR e ]
V B S ° WZ § C PostJ-int Jets = E"Z'f;d leptons - § 350 = Post-fit -E/'%id- leptons "3
w 40 - tZ+i and VWV ] W 300 &m0 ] tz+1 and VWV —
. . - #4iit Tot. unc. . st Tot. unc. E
e Measure inclusive, sob 250 E
- 200 3
EW, and strong 3 -

10

IIIIIIIIIIIIIIIIII

* Main backgrounds

g .F g ter "
* QCD WZ+jj R3S Y 5 L
s g ] 4 =
e 7ZZ (CRwith 4 leptons)  “ osE + ERE: _
e tt+V (CR with b-jets) & 05 0 05 i 08 =25 0o 05
BDT score b-CR BDT score
d o
“ - ! e * BDT for SR and CR
o z * Adversarial network to
z distringuish EW and
¢ 7 strong production
strong production 7"
EW production 18
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VBS: W/

* Simultaneous measurements of EW, and strong production of WZjj in bins
of my; and Njeys.

* W/Zjj differential cross sections

ey LA L B 3 =y — [ T T T T T3 O
> 102 —ATLAS o Data 1 2 > [ ATLAS e Data 1 £
% C \/E =13TeV,140fb" — yv;dczsyh (f%aled) 1z g - /s=13TeV,140 fb™" — \'\IAVaZdGErS\;,h (1s<(:)aled) 7 3:’
2 C . , . anee ij- x 1. ] b £ .. , . Y ij- x 1. — b
| | | | | | | = [ WZi-2vedi . wzjacp x0.71 1'g =02 WA= OV L wzpaco o7t | S
p— _I LI T T LI LB B ) L L BB ] LI ] LI | PR o | l_ l" o Sh 2.212 I d : Q E . Sh 2212 I d E
2 16FATLAS Wzjseveej 4 3 S O R sate eed - S R
L _1 - _ | BN L ‘ =
2 4-_\/§= 13TeV, 140 fb 3 R s [, o+ .
£ F 1 f ] < 107 = % Loeimimimmmmimim i ]
U|) B U oot AL g2 51 E —;—' . | :: i
N 1.2 = C ; =10 _“:55 |
S : 7
5 If E s ¥ .
0.8:— E | e L]
- . < < 45F T T T 7 T ]
| —_ o B i
0-8F 500 < m; < 1300 Gev : & g i ;
X ] 0] ) C —}—:s I -
0.4 ® Data — ° k] 1 } } e
'L A MadGraph+Pythia8 5 g s C ' ' I
.V Sherpa2.2.12 ] S p pimimimm s s gt E
0.2 [~ —— 68% Confidence Level = = o 05 —
- e 95% Confidence Level ] 2 : = OSSO £ :
N n [ © IR T T T N
0 o e | I L1 1 1 I Ll 1l I L 1 1 I Ll 1l I Ll 1 1 I Ll 1l I L L 1 I Ll L.l g - = H :: - I 0 - | | | -
e
.05 0.1 0.15 0.2 0.25 0.3 0.35 0.4 0.45 800 1000 1500 5000 > 2000 200 400 2500
aWij—EW [fb] my; [GeV] 2p; [GeV]
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VBS: W/

* EFT limits derived by 2D fit
on m"%: and BDT.

* Firsttime unitarised limits
on S-type operators (fg)
acting on Higgs doublet.

Expected Observed

[TeV 4] [TeV 4
fro/A* [-7.0,7.0] [-1.5,1.6]
fri/A*  [-1.1,1.0] [-0.7,0.6]
fra/A* [-12,6]  [-2.4,1.8]
fvo/A*  [-60,60]  [-12,12]
fu/AY [-32,32]  [-15,15]
fur/A* [-30,30] [-15,15]
fS—UZ/"f [-41,41] [-18, 18]
fs1/A — —

Events

Data / MC

— Observed 95% CL limit ]

----- Expected 95% CL limit ] 10+

- ATLAS |
2 (s=13TeV,140fb" |

T T T T T

95% CL interval on f., /A* [TeV™]
o

of ]
-0.5F 3
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Vs=13TeV, 140" WEZ-QCD+INT &% Tot. unc.
Post-fit SM 2z e frg/A* = 2.5 Tev*
1 03 I Misid. leptons  wn f/A*=15Tev*
BDT score < -0.25 ;-025sBDTscore<0.17 H 0.17 <BDT score < 0.72 H BDT score > 0.72 LimitS also derived aS
10? function of cut-off
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* Higgs

see also CMS + ATLAS Higgs talk tomorrow at 10am

Higgs
potential

Our

vacuum

Sandra Kortner

_—~"Stable

7
\ Metastable

' Higgs
field
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Higgs Physics
* Moved to precision Higgs physics after <2
discovery at the LHC. *
e Spin, CP
* Yukawa couplings
* Higgs self-couplings :

10°

107

10

10

10+

1.4

1.2

1.0

0.8

L Sk =k,
L+ k. is a free parameter
— SM prediction
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b Leptons Quarks
[« RS
Lo I <] - N

Force carriers  Higgs boson
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e
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¥ ]
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111
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Nature volume 607, pages 52-59 (2022) 22
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Precision Higgs Physics:
top Yukawa couplings

* New precise direct measurement of top Yukawa coupling.

* ttH(bb) channel. g R .
* Main challenge tt+bb backgrounds

A
- - _Ii _ <b
T N R +0.36 (40.20 +0.30y b

| 035 "0y (%0 Toz)
-2 0 2 4 6 8 10 12 g < Z

L= ottt/ gttH
Previous run-2 result JHEP06(2022)097 " ttH SM

_____________________________________________________________________________ g b t
+0.20 +0.11 +0.17
% =i 081 “473s - 011 - 0.15 % _
| | | | | | | b
0 1 2 3 4 5 6
O/ oM

New run-2 result _
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— - :>j 10°F ?ET:???TeV,wab" ;&ata E:Pi >1c =E:\2/1b
_F_-,’ Dilepton [t + light [JOther ./ Uncertainty
8 . Post-Fit
'S I t ° 10*E
~ Improvements in:
1 3
% 0
* Reconstruction and particle identification. 102
* Flavour tagging, particle flow jets.
* Machine learning technique
* Background modelling 3 4
) - = ) & - S N 227 et e @t e
 understanding tt bb production e g-é ////:/M/// S/// - f //s////; t: _ _
. . . S > R > 9 X 247 2y
* Achieved major improvement of exp. ° R s T L R T
sensitivity from 2.7c to 5.4c! VG TGy, MGy, Gy
. . SR and CRin di-lepton
Classification transformer with SR and CR. channel, post-fit
Control Regions Signal Regions
Event passing A

Preselection ( ]
Boosted STXS 1 SR STXS 2 SR STXS 3 SR
’ SR [0, 60) [60, 120) [120, 200)
A
J

Yes N

Region Name
No Truth p¥ [GeV]

(

N
Y
STXS 4 SR STXS 5 SR STXS 6 SR
[200, 300) [300, 450) 2450

Single-
Classification lepton

n; * j_erts NN boosted
Classifier Event?

ttH

Classifier
above

Threshold?

Reconstruction
NN

lepton
boosted
Event?
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 Signal strength:

piin = 0.81797%

Resu ltS * Excess of £ tH(bb) events: observed (expected) significance 4.6 (5.4) std dev

= 0.81 + 0.11(stat.) "33 (syst.).

e Differential cross section in STXS bins

T I ! | | |
ATLAS le{Total Unc. mm Syst.only [ Stat.only ' SM + Theory
Vs = 13TeV, 140fb~", my=125.09GeV Total ( Stat. Syst.)
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+0.20 +0.11 +0.17
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e-print ATLAS-CONF-2024-010
Precision Higgs Physics:
b and ¢ Yukawa couplings in HV production

* New precise direct measurement of b and ¢ Yukawa couplings.
* New result re-analysis of VH(bb) and VH(cc) analysis.

* Cover V=Z/W, [=e,u,t
* Splitin resolved and boosted jet regime.

Flavour

tagging VH(co)

c-tagging

b-tagging

75 GeV 150 GeV

V
*‘«H .‘ c-tagged
Yo

250 GeV

vV

leptons

c-tagged

600 GeV

prY

Improvements over
previous analysis:

* Improved charm tagger.

* Use BDT classifierin
boosted topologies.
* QOverall improved
sensitivities by
H -> bb by 15%
H > cc by factor 3
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Precision Higgs Physics:
b and ¢ Yukawa couplings in HV production

 Simultaneous extraction
of Yukawa couplingsto b
and c quarks.
* Sensitivities obs. (exp.) :
WH(bb) 5.3 (5.5),
ZH:4.9(5.7) o

* VH(cc) upper limits at 95%
CL11.2(10.4) best
observed limits to date

* Also provide

* differential measurements
(STXS)

* Coupling modifiersin
k—framework

83
=
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VH 7 7-0.14
,UCC -1 O+5.4
VH U-=5.2

©
¥

-Alog(L)

20 T
o ATLAS Preliminary
156 Vs =13 TeV, 140 fb™ 3
C VH, H— bb/ct ]
10— =
5 E
o E
-5 —
=10C Observed 95% CL.  © SM E
o Expected 95% CL. + Observed Bestfit ]
-15p* ~— Observed 68% CL. (KyKe)=(0.90,0.93) =
- -++- Expected 68% CL.
DY) | AP I I I U P P
-4 -3 -2 -1 0 1 2 3 4
Kp
ST B B B w e L m
L ATLAS Prelimin
.997%CL ... Vs=13TeV, 14007 | fooeeeinenn 3
[ " VH, H— bbl/ct
4 } -
o ! Observed, 95% Cl: [-3.6, 3.6]
B L - - Expected, 95% CI:[-3.5, 3.5]
: ' — k[yzl=|x°ynl
3_— _
X ]
\ 1
R S S R ]
A
‘|
1_ -
________________________________________________ e
P 1 - T I Ll
-6 -4 -2 0 2 4 6
KK/



http://cds.cern.ch/record/2905263

y
er

The Universit
of Manchest

Alexander Oh, Corfu 2024

26.8.24

e-print arXiv:2406.09971
Di-Higgs physics

* Measure self-coupling of Higgs g
boson with di-Higgs production. o
* Sensitive to shape of Higgs vacuam
potential |
o Higgs
* Extremely rare process, field

expected production cross section ~33fb.

* Merged five analyses to achieve the most
sensitive probe yet of di-Higgs production
and the Higgs self-coupling.

* New combination includes multi-lepton and
bbll+ET,,;.s decay channels.

* Measured signal strength:

Extract upper 95% CL upper limit on HH signal streng'gg

g 2900990999099 ~ H
A Te----- L 4
H S
g 9990999990990 - ) H
; o —e— Observed limit (95% CL)
Stable ATLAS Preliminary Expected limit (95% CL)
~— Vs =13 TeV, 126—140 fb! (MHH =0 hypothesis)
\ § Expected limit 10
\ Metastable SM HH)=32.8f —
X Oggr -+ ver (HH) =32.8 fb [ Expected limit +20
Obs. Exp.
bbet + Eiss — i 10 14
Multileptonf— 17 11
bbbb|- * 53 8.1
S } 40 50
bbTrT |~ f 5.9 3.3
Combined— ¢ 2.9 2.4
| 1 l Ll Ll I Ll L.l I Ll 1.l I Ll 1l I Ll Ll I Ll Ll I Ll Ll I 1
0 5 10 15 20 25 30 35 40

95% CL upper limit on HH signal strength gy
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* Coupling strength parameters in
framework (and HEFT):
K3 (Chpn): HHH
Ky (Cyvn): VVH
Koy (Cyyhn): VVHH

K (Cyp): TTH

(Cgghn) - 2gHH

notin SM
(Cuhn)

Di-Higgs physics’

q
/H
H

q
H g
'H g

Kt "‘6/\\\\
(cetn)  (Chmn)

H

(d)

9 909909999909

\{

9 9909999999990 -

Cgghh /,’/

@

q

Kov e H
q
H g
- 9
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IR I L B
- ATLAS Preliminary

[ vs=13 TeV, 126—140 fb~!
1 5HH - bbt*T~ + bbyy + bbbb
_ All other ¢ fixed to SM

25
~ Di-Higgs physi
== Di-Higgs physics
0=
=4S : -
* kvalues in agreement with SM
 HEFT show slight tension with SM (p-value 3.1%).
< > B I 1 I I | I I I I I T I I I I .I I I_Il 1 _I _:
- < STATLAS Preliminary T Comened T by E
2 VS=13TeV, 126—140fp IO T 0
3 6 HH combination T
g B — Obs. 95% CL ¥ Bestfit (4.3, 0.92)
5 - —-=—- Exp. (SM) 95% CL % SM prediction
2

26.8.24

0.5

—— Observed 68% CL

Observed 95% CL

Best fit (-0.42, 0.49) ]
Expected (SM) 68% CL —
Expected (SM) 95% CL
SM prediction

Q)
Q
Q
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Looking for Higgs pair with multi-lepton and yy

* Target multiple final states of HH decays in a non-resonant

Number of hadronic taus

search with BDTs combining multi-lepton (ML) and yy signatures.

1 YY+Thad

(" )
‘£+2Thad 2£+2Thad
\_ _J
YY+2(,Thag) 2¢SC+Thag
yy+£ 2¢SC

[ Legend )

ML
channels

yy+ML
channels

oo

Number of light leptons

g 9090999909999

4

g 9090990900999~

g
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Looking for Higgs pair with multi-lepton and yy

* ML: cut based categorisation and BDT fit
* yy: BDT based categorisation and fitto m,,.

Events

Data / Bkg.

50—
45¢
40¢f
35F
30f
25¢

20
15
10

5

0
1.5

0.5

ATLAS ¢ Data

{s = 13 TeV, 140 fo' = SM HH x 100

4/+2b [ 1[;op quark(s)

. . iboson
Slgna! Region Single Higgs
Post-fit Other
Uncertainty

---- Pre-fit bkg.

¥

0—1 -0.8 -06 -04 -02 O

02 04 06 08 1

BDT score

Events / 2.5 GeV

Data / Bkg.

14— T ML T T
ATLAS ¢ Data
12} Vs =13 TeV, 140 fb’ ~SM HH x 100
Yy+¢ Single Higgs
10r BDT Tight J_ I yy-continuum
Post-fit Uncertainty
8 -
6 -

e
3

110 120 130 140 150 160
m,, [GeV]
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- Looking for Higgs pair with multi-lepton and yy
:
[ J
Combined result on signal strength ATLAS v Obsorves .
1 o Expected (uyy=0) 1 *20
Uy and HH coupling strength EotaTev, Mo g
Ugs;évllr +ver(HH) =328 fb Exp.
K}\, an d K2V° Obs. (UHH=0)
& AP 4f + bb- de 39 35
FAETEE TR REES TR B LR B~ B i S
o ATLAS —oomoes | iof  ATLAS i | - e 9 19 29
I VS =13TeV, 140 fb™! s EZ:Z:ZZ \’;'LI;ML: I Vs =13TeV, 140 fo™! Combined yy+ML | Yo
I —— Expected L HHoMLyy+ML e Expected 1 2ISCI- e O 32 42
8 Expected Observed —— Observed | 8 Expected Observed —— Observed — ] i
68% CL: Ky € [-2.4,7.4]  68% OL: Ky € [~4.3,0.6] U [4.4,9.8] — 3 68% CL: Koy € [-0.9,3.1] 68% CLikey & [-1.6,3.7] 1 20SCH+Thad - d. ) 79 63
95% CL: k) € [-4.5,9.6] 95% CL: k) € [-6.2,11.6] 1 I 95% CL: Koy € [-1.9,4.1] 95% CL: Koy € [-2.5,4.6] 1 : [
o _ : . 20+ 2Thag - de 41 37
i \\ / / 1 £+ 2ThagF ¢ 46 46
i3 Ty 2 Theo F d e 53 41
| \\ // ] v+ g e 51 29
‘ w oo L] VY + Thaal ) . 112 60
90””—7‘5””—'5‘ ‘—2I.5H‘ 0 ; 2.’5H‘é””7?5””1|0‘H COmbinedML_ ‘: 14 14
e Combined yy + ML~ é ° 45 2
Koy Combined|- O ® 17 11
i I ] | I ] I I | I I 1 I | ] 1 I I | 1 !
0 50 100 150 200
-6.2 (-4.5)< KK < 11.6 (9.6) obs. (exp.) at 95% CL. 95% CL pper fimit on HH signal strength K
-2.5(-1.9)< K9\ <4.6 (4.1) obs. (exp.) at 95% CL. LLyy <17 obs. and 11 exp. at 95% CL.
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Precision top physics
tt + heavy flavour

 Comprehensive measurement to
improve theory modeling.

* Important input also for di-Higgs!

b}g E 102 ATLAS + Data Powheg+Pythia8
S =2 Vs =13TeV, 140 fb™
2 10 - ex channel, > 2b-jets —|- - Sherpa ’—‘ Stat.
|b 1 — Stat. ® Syst.
of |
102 T
.
1072 |
107 |_ e
C IPowheg+F’y1hia8 I EEETEEE PcItheg+HenNig7 ' ]
o 1.5 ---1--- Powheg+Pythia8 p:a“’ ---t--- MG5_aMC@NLO+Pythia8 —
T I ]
Q - 4
o A — ]
- ST EET e
05 ) Ty -
[ T T
15E —1| — Sherpa .
o ~ e -
© » ]
g [
() A —
s O — e ———
0.5 -_ L 1 L L _-
2 3 4 >5
N

eu+ =3b=1l/ct

eu+ =4bt

eu+ =4b=1l/ct

0

4%-20%.

1.2

- Ill)ata [ 'Powheg;PythiaB 'tEbB
*  Powheg+Pythia8 Powheg-+Herwig7 ttbb
Powheg+Herwig7 B Sherpa ttbb Stat. unc.
P MG5_aMC@NLO+Pythiz?18 + Sherpa Total unc.
MG5_aMC@NLO+Herwig7 = Helac-NLO (off-shell)
3 t -_é_
n 1 8 i
8.: E -:
,: ATLAS . P
Vs=13 TeV, 140 fo~! E
20 40 60 80 100 120 140 160 06 08 1.0
Orig [fb] MC/Data
* Fiducial and normalised differential
cross section in single lepton (e and p)
channel with 3 or 4 b-jets.
* Precision best to date in e u channel with
* Particle level observables compared to
various predictions.
36


https://arxiv.org/abs/2407.13473

y
er

26.8.24

The Universit
of Manchest

Alexander Oh, Corfu 2024

e-print arXiv:2407.15594

tW production

Single top production in
association with a W boson:
Updated result with full run-
2 data-set.

Important test of Wtb vertex
and complementary to qq’> tb
channel.

tW measured in relatively
clean di-lepton channel.

Use BDT

* Trained for three signal
categories (1j1b, 2j,1b, 2j2b).

* Main background tt events.

12500
10000
7500 F
5000 £

2500 F

_]IIII[IIIIlIII
“ATLAS

F Vs =13TeV, 140 fo~1
£ tW dilepton, 1j1b, Post-fit

2 Uncertainty

Data 3
tW (DR) ]
tt ]
Minor Backgrounds _f

TR R
0.7
BDT Response
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tW production

* Measured cross section in
good agreement with
expectation.

e Systematic limited.

* Leading systematic
uncertainties (13-11%) :
tt modelling,
jet energy scale,
missing transverse energy
reconstruction.

» Set contraints on |,V

* fyleft handed form factor,
unity in SM.

e Measurement consistent
with SM.

e

o =751 pb =75 + 1 (stat.) *]3 (syst.) + 1 (lumi.) pb

oheory — 79 3 fijg (scale) 2.2 (PDF) pb.

tW

| fivVip| = 0.97 £0.10 |

b

W+
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Quantum entanglement with top quarks

« Measure the spin correlation in tt
system (dilepton channel).

* Entanglement enhances the spin
correlation.

* Entanglement marker
characterises spin-entanglement
(D <-0.3), with
<cos ¢> the average separation of

the two lepton in the tt rest-frame.

* Close to threshold 80% of tt from
spin-singlet state, maximum of

entanglement

0.0
. D= =3-{(cos )
-0.4} o
/
/
0.6}
. f'[’/
ff
~0.8¢
—  LO Analytical
- = MadGraph +MadSpin
-1.0 1 i A n n i
400 500 600 700 800 200 1000

= M,[GeV]

Entanglement expected at threshold tt production.
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Quantum entanglement with top quarks

* Observed entanglement in di-leptonic tt events:
D =-0.547 £ 0.002 (stat.) £ 0.021 (syst.), exp.: D=-0.470 £ 0.002 (stat.) £ 0.018 (syst.)

Particle-level D

0.4

0.2 -

ATLAS
Vs=13TeV, 140 f5"
340 < mg< 380 GeV

_]TIIlIIIIIII]IIIIIII]TII[IIIIIIIIIII_

v b b b b b v Lo Lo

Total Uncertainty
Statistical Uncertainty
Data i
Reweighting points
Powheg + Pythia8
Entanglement limit

-0.2

-0.18 -0.16 -0.14 -0.12 -0.1 -0.08 -0.06 -0.04

Detector-level D

Particle-level D

| ATLAS don
/'s=13TeV, 140 fb'
* O validation
_______________________ § o :
regions
o]
entanglement
I region [ | —.— Limit (Powheg + Herwig7) |
-==- Limit (Powheg + Pythia8)
o Il Theory Uncertainty
@ Data
@ Powheg + Pythia8 (hvq)
é B Powheg + Herwig7 (hvq)
340 < m; < 380 380 < my < 500 my; > 500

Particle-level Invariant Mass Range [GeV]
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long lived particles Wednesday morning

Albert de Roeck

CO nte nt SUSY & BSM talks Wednesday afternoon

YuyaMino(SUSY),AndreaPerrotta(BSM)

Dark Matter on Saturday morning
Xinhui Huang

; ATLAS Preliminary (March 2024) {s=13TeV, 36-140 fo" Hidden Sector, m, = 125 GeV
DR B UL AL B T LT

? Ee SN /TS selected ATLAS results
T A ! ' '77‘ 77 1 95% CL observed limits
@ - g 1 i - Searches:
4 : —..— Muon System (2 Vtx Only), 139 fb™
[T il e PSPPSR | W VAP e Y/ S0 SO S Phys. Rev. D 106 (2022) 032005 .
/) 4 H —.—Muon System (1 Vix + 2 Vix), 36 fb"

Phys. Rev. D 99 (2019; 9152005

—— Calorimeter, 139 fl
JHEP 06 (2022) 005

11 IIIIIIr

-. Tracker+Muon System, 36 fb ™!

* Searches for physics beyond the SM el ......................... N [ o] L i i

JHEP 11 (2021) 229
e Tracker (b-tag), 36 fb™
JHEP 10 (2018) 031
—.— Monojet, 139 fb™!
ATL-PHYS-PUB-2021-020
m H- inv, 7-8-13 TeV combination
ATLAS-CONF-2020-052
Tracker, 37.5-140 fb™'
arXiv:2403.15332

Stable

LLP masses:

ool il ol el 0l ol el S lS-SGeV B 1520Gev [ 25-35 Gev
10° 102 107" 1 10 102 10°

ct[m]

40Gev [Jaseocev Jany
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Combination of two searches for singly and doubly
charged Higgs bosons within the Georgi-Machacek
(GM) model:
* Predicts neutral, singly and doubly charge Higgs bosons.
* Fermiophobic charged states, VBF production.

* Degenerate mass states, parameterised by mass m; and
sin(6y) mixing parameter.

e Combination of H** > W*W* and H* > W*Z Run 2 analyses
results

Alexander Oh, Corfu 2024

JHEP 04 (2024) 026 H**
Eur. Phys. J. C 83 (2023) 633 H*

26.8.24
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Exotic Higgs searches

= T
T 0oL ATLAS _1 /
* Georgi-Machacek exclusion @ 08 Is =13 TeV, 140 fo E
limits — Obs. 95% CL upper limit
. Range covered: 0.7 - == Exp. 95% CL upper limit /
200 < mys < 1500 GeV 0.6 =] Expected limit (+15) - Combination 7

* Excluding sin(6y) >0.10-0.36 0.5 f_D Expected limit (+26) - Combination /l
* Excess around mys; = 375 GeV 04 = F(Hs)/m(HS) > 0.1 //_
with 2.5 (3.3) sigma global ' e

(local) significance. 0.3

* Improved GM limits by 9% - 0.2 ¢ == Combination
25% comparing to previous z == WZ channel
ATLAS results. 0.1

== W*W- channel

O ]
200 400 600 800 1000 1200 1400
u" [GeV]
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dark quarks?

dark forces?

Higgs as a portal

higgs?

* Updated search for long lived —

particles (LLP)
Muon spectrometer / \

* Dark sector coupling to Higgs.
* ALP coupling to vector bosons

* First time top quark to ALP and

u/c quark
calorimeters
T >1.5ns B
q
s < ) a .a tracking detectors ATLAS
q L7
H--ooo 4 >_,\ T <1.5ns O EXPERIMENT
o
< i ’ * |Improves bounds by a factor of 10 - 40 compared to
! ! v previous search (same dataset) thanks to new
Higgs tracking algorithms.
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~ x10°
-'?GJ E 2 [, T T Ll I T Al T T I I L) L) Ll T l T T T T ] L) Al 1 L) l L)
EE . o . ATLA S S| mul atlon FEEEEE Non-LLP, Legacy Reconstruction
GZJ—S H rt l o - fs=13Tevy =N Non-LLP, Updated Reconstruction
:C) S Iggs a S a p O a 0 = VH:H ->aa ' bBoB ¢ LLP, Legacy Reconstruction
_GCJE ; 15 ~ m,=55GeV,ct,=100 mm ¢ LLP, Updated Reconstruction
o . — Active |
* Use of dedicated and 3 - remEE
. i : £ s . :
improved tracking algorithm kG —a & & F 2

(Large Radius Tracking). 1

* Runs on all events (previously

only on 10%, CPU limited). 0.5
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=~ Alexander Oh, Corfu 2024
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* No LLP’s discovered, but
bounds improved by
factor 10-40 compared to
previous result using the
same data.

* First time bounds for low
LLP masses (less than 16
GeV) surpassed bounds
from direct searches for
exotic Higgs-boson decays
to undetected states’.

Alexander Oh, Corfu 2024

*Nature 607, 52-59 (2022)

26.8.24

—A
Q

S
N

1

95% CL Limit on BR(H — ss — 4q)

's =13 TeV, 37.5 - 140 fb’

R s / ——mg=5GeV
/ —mg=16 GeV
mg = 40 GeV
— mg =55 GeV
—— Observed

-
< -
.........

..... Expected (+10)

----- JHEP 11 (2021) 229
1 1 1 1 Illll 1 1 1 = e |

10°°

1072 107" 1

Ctg[m]
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run-2+3 analysis

LLP flight time can delay decay
leptons.

Calorimeter
precision timing
used to search for LLPs.

O(200ps) resolution for efy.

BDT defines discriminant
(exploit timing asymmetry).
* Train on data with ToF_, <0,

signal ToF_,, > 0 to predict scores
in ToF_, > 0 data.

* BDT validated with SM W/Z
events.

e-print ATLAS-CONF-2024-011
LLP: Displaced leptons

p

Normalized Events/0.2 ns

10 g e
= ATLAS Preliminary ; ¥ CRdata 3
4L Vs=136TeV, 56.3 fi"; EM-BDT | ¢ SRdata
E 5 —— & (100300GeV, 1ns) =
= ':_._i\b‘j - - @8 (100-300 GeV, 10ns) |
10“; - r} : oL &€ (100-300 GeV, 30ns) =
102 e
10°F .
0% = 4, LTS
= B
5| n .
10 EJ,LJfLJ-L_l.LLUALLIIIA | NI NS A

-5 4 -3 -2
t(e) [ns]

¢ SR data

— CR background template
---8€ 200 GeV 1 ns [x10]

- -€€ 200 GeV 10 ns [x10]

[2]
[ =t
21 ATLAS Preliminary
10° = Vs =13.6 TeV, 56.3 ft'; EM-BDT

-
2

Data / bkg.
o 4 N W o

TTIT IHI||II|||
@
—g]

1111 IHI|HH|I

0.00,0.11 0.11,0.22 0.22,0.33 0.33,0.46 0.46,1.00

eBDT score
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Lifetime [ns]

e-print ATLAS-CONF-2024-011
LLP: Displaced leptons

10*
10°
10?

10

107"
1072

1072

run-2+3 analysis

Calorimeter timing

Large Radius Tracking

Increased statistics

i Smuons
ATLAS Preliminary  ---- Expected Limit (+10,y)
(s=13 TeV, 140 fb! ——— Observed Limit

(s=13.6 TeV, 56.3 b
All limits at 95% CL

PRL 127 (2021) 051802

........ Lo b b by b by by
100 200 300 400 500 600 700 800 900 100

m( i) [GeV]

e Combined run-2 and run-3 results

* Improved sensitivities for long-lived particle decays:

/ ~3x for smuons
u ~5x for selectrons

Lifetime [ns]

10

10°

~3x for staus

~N
AR Selectrons T 18 Staus
7 10°g
ATLAS Preliminary --- ExpectedLimit (=10, £ = ATLAS Preliminary - --- Expected Limit (+10,,,)
{s=13 TeV, 140 b e Sheamrnti i g 10°E {5=13Tev, 140 1" R —
s=13.6 TeV, 56.3 fb™' = E Vs=13.6 TeV, 56.3 fb"
“3..  Alllimits at 95% CL PR dETI20AN051002 f-,—’ 107 - Al limits at 95% CL wRLTIEIelelone
10k
4 10k
102 ===
........ P T o Wy WO il e B oW R eI 0™ Wi o i 3 e i e e oA e e e
100 200 300 400 500 600 700 800 900 1000 100 200 300 400 500 600 700 800 900 1000
m( &) [GeV] m(T) [GeV]
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e-print arXiv:2407.09168
Dark Photons

* Search dark photons promptly
decaying into lepton jets.

* Target intermediate mass range
O(10MeV)- O(10GeV).

* Signature: Narrow jets of electrons or muons.

e Consider two models:

Hidden Abelian Higgs Model ¢ ,f
(HAHM)

7d
7d
BR(H — 2y,

Falkowski-Ruderman-Volansky-Zupan Model

(FRVZ)

\‘

Tracker

BRH - 2y, +X)

HLSP

HLSP
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LE & 10t L ATLAS Simulation m =024GeV |

3 = (s=13TeV, 14010 RNy VI

g E uLJ-uLJ §R, FRVZ model, BR(H—> 2y, +X)=5% mz - g ggg E

Dark Photons o RIS
T = . H ;

s It i E

* Improvements of run-2 = F { ; :
. . 10 =
analysis over previous run-1 NI q | } @

- More data (20.3 fb™ vs 140 fb™") e

* Extended mass range up to uLJ mass [GeV]

> I UL B IR B L RN B L BN
10 GeV. § 50:'_ ATLAS _;
e Better constraint on % 20 \/§E}3Ll'javr,1140 flb'1 =
. . 3 - " uLJ-eLJ channel 7
B(H - 2yp + X) V\./Itl‘.l analytical L +-Data E
background description. 3 T Nonrasonan: badkground ]
20 Signal m =1 GeV (x10), B(H — 2y ) = 0.5% -
10 =
ok TTTTRTR TR A R R SR T o
E o 3 %kuiuuh -ha-hui{luulumuL-iuuLauaLI¢Lulu&uuLzuxuuuxuxuuuxué
I -2F ! =

s 2¢

2 4 6 8 10 12 14 16 18 20
uLJ mass [GeV] 50
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Dark Photons

* No significant deviation from
SM expectation observed.

* 95% CL limits on Higgs decay
to dark photons are derived.

/>-<\ 1§|1|-|n] LA S B T T T
+ = ATLAS —— Observed limit
- a e Expected limit
&I‘u 107'E Y, 14015 [ Expected+ 10
T = ] [ Expected+ 20
@ 107 _—mm !
o B electron : muon
2 10_3 E channel | channel
= 8
: ~ —
o 10°g
S E
o C
® 10°F
10—6_.......1 N/ /A N7/
0.02 0.1 0.2 1 2 345 10

m, [GeV]

/'\_O 1 § 1 I T LI I §
C{I‘ — ATLAS Observed limit .
— 4 e Expected limit —
1\ 10—1 | . eV, 140 fb1 [ Expected= 1o |
L = . [ Expected= 20 E
o = | —— 7dZd — 4uresolved (139 16" 7

- _ ! JHEP 03 (2022) 041
S 1072 7 =
£ S . 3
£ s 4 l 7
= 10_3 = electron | muon =
C') E ....... channel | channel 3
| A —
.0 | i
o 107 5 E
(@] — — -
N | =
10°g | E
1 0_6 i 1 Il 1 Ll Ll I 1 1 1 1 1 Ll 1l I 1 1 | 1 Ll Ll I ]

0.02 0.1 0.2 1 2 34 10 20
m, [GeV]
d

* Known resonance regions are
masked out (J/W, ¢(2D), ¢(1020), p)
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Dark mesons decaying to top and bottom quarks

* First search of this kind at the LHC.
* Simplified
Stealth Dark B ;, Dark pions: large-R jets (R=1.2)

Matter model i _from R=0.4 jets reclustering

* Search for dark
pions 1t from
dark rhos pp

* Decay
parametrised

with
n= m(mwp) / Mm(pp)
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Dark mesons decaying to top and bottom quarks

Hadronic channel

> 0 22 L I L | T I L] | T I UL I T I LI L | LI LI I:
(5 0.20 ATLAS " [ pata-MC (multijet) [t ]
10 ' 's=13Tev, 140" ] Other MC Stat. uncert. -
- 0.18 All-hadronic channel ... SU(2),, n,=0.25, m_=500 GeV =
€016 e SU(2), 1 =0.35,m =500 GeV ]
2 014 -=-- SU(@), 1 =045,m =400GeV ]
= E
c 0.12 3
O B T e -
© 0. =
® 3
L 0.08 E

0090 250 300 350 400 450 500 550 600 650 700
Leading large-R jet mass [GeV]

Fit on 9 SR’s, defined by leading and
sub-leading large R jet mass

Fraction of events / 50 GeV

Leptonic channel

0_5 :I LI | 71T I LI | LI | LI | T TT ] LI LI LI I:
0.45 E_ ATLAS Simulation Stat. uncert. —E
0 45_ Vs=13TeV, 140"  [ti+light Htte=1b E
"'E One-lepton channel  [t+=1c Bsingletop 3
0.35 E B v+jets B other =
0.3F ~+-SU(2) , ,=0.25, m, =500 GeV]
0.25 =5 ++8U(2) , 1,=0.35, m_=500 GeV J
0.2F E
015 ] =
01 | L Y>> . =

0 100 200 300 400 500 600 700 800 900
thad+mJlap [GeV]

Fitin bins of (b-)jet multiplicities on
sum of jet and jet+lepton mass.
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Dark mesons decaying to top and bottom quarks

All limits at 95% CL

— Observed

'
its at 95% Cl
'

1>t>~,u,wc'f ---- Expected t1c

EO-O 045 1 IR | BN l RN | NN I INNANANL ] | e AL L _I

* Hadronic channel less My =
sensitive than leptonic = ’ i
\TLAS )

channel. - b E

exclusion limits set in the 0.30
plane n—m(mp)

'
Expected +1
'

Excluded region

'
Excluded, regio

Phys.Rew.D 1(
(2022) 015008
,

All-had. exclusion -
Phys.Rev.D 105,

* No excess observed, thus -

* Most stringent limits at 29 (2022) 015008
LHC todate. ATLAS
0.20 'S Vs=13 TeV, 140 b’

One-lepton channel

Ed
oL
-
-
.

SU(2)L gaugephobic

Q
ﬁ | I I - I I | I | - I | - I TN Y A | L1 | I |

éOO 400 500 600 700 800 900 1000
Dark pion mass [GeV]

.15
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* Heavy lon

ATLAS

EXPERIMENT

Run: 461633
Event: 3419440
2023_00_26.1.0251-49 CEST
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tt production in p+Pb

* top quarks probe
the nPDF (nuclear
parton distribution

funCt|On). > ARPALAPALEAL LA AL > T RAREE RN AR RS RARRN RRARE RS RARS

(0] . ATLAS --Data ) " ATLAS 4 Data ]
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VISNN = 8.16 TeV

—— T
p+Pb VS_NN=8.16 TeV
165 nb™

JI¥ Data total unc.

| Data stat. unc.

tt prOdUCtlon In p Pb ATLAS ~ p+Pb (5 =816 TeV, 165 nb”
1£1b e+jets = e b =114 (gg); (g}ﬁ
* First observation of tt 1Hbpets e %7088 an
d t. . d. l t 1£2bincl e+jets FoH4 Mﬁ=0-98 011 _0.06
proauction in di-tepton 142bincl p+ets Fod m =1002% oo
channelin p+Pb. 211b e om=12870% 0
. 202bincl - w =1237%% 08
* Measured combined cross Combined muf=1o4°°9 """ 550
. A I B cA 009 008
section: 05 1 15 2 25 3 35
o = 58.1 2.0 (stat.) *3% (syst.) nb
ATLAS peo fom =816 TeV ATLAS
.. . [ Data total unc.
* Nuclear modification: | Data stat. unc
— +Oo 094 HCFM nNNPDFS0 | MCFM TuJu21
Rpa = 1.090 + 0.039 (stat.) ;e (SYst.) | e
® Good agreement With SM CMS 8.16TeV p+Pb PRL 119 (2017) 242001 MG EPPS21
expectation for different PDFs. - e e

* Limited by systematics.
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e-print ATLAS-CONF-2024-009

Heavy ion physics: monopoles

* Ultraperipheral (UPC) Pb+Pb collisions
provide quasi-real photons, flux
scaling with Z2

* High luminosity photon-photon collider.

* Use UPC to search for magnetic
monopole (MM) pair production

* Occurs in strong magnetic fields via the
Schwinger mechanism

* MM track is parabolic in r-Z and a straight
line in r-¢, creates high ionisation density.

* Look for high pixel activity without
associated reconstructed tracks.

r-Z view
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e-print ATLAS-CONF-2024-009

Heavy ion physics: monopoles

* Difficult to trigger on MM signature.

* Use Zero Degree Calorimeter to trigger

on events with neutrons in both arms

of the calorimeter from EM breakup of

both Pb.

 High trigger rate, need to pre-scale by

factor 6.
Pb Pb Pb
M M
M M
Pb
Pb Pb

Pb*

Pb

2023 Pb+Pb data-set at
sqrt(syy) = 5.36 TeV, 1.6 nb™?
First ATLAS study using run-3 Pb+Pb data

Pb

<l

Pb*

Pb*

¢ 00— @
< ATLAS Preliminary 1 5
r -1 I8 10
250/ Pb+Pb |s = 5.36 TeV, 268 ub ] it
L1 trigger: L1ZDC_A_C_VTE10 . .._.;_!
2001 10°

1501
100[

50

;- r—— | 2t LI |
1
0 1000 1500 2000 2500 3000
Npixci

50

* 20_‘"‘ R LU LU I IR I I LU L i2]
< L ATLAS Simulation Preliminary §
r Pb+Pb sy, =5.36 TeV w
F FPA model, m = 50 GeV
15—
i 102
10—
i 10
57
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* Observed 3 events, consistent with background estimate of 4 £ 4 events.

MANCHES;EER e-print ATLAS-CONF-2024-009

* Better sensitivity compared to recent MOEDAL measurement.

* Excluded magnetic monopoles with mass <120 GeV

rfrrrryrrrryrrrryrrrryrrr1r|Jrrr1rJrrrrT
I I I T

I I [
ATLAS Prelminary ~ -*-Data, 0.262 nb™
[ Background

Pb+Pb \syy=5.36 TeV ), pyg. uncertainty
— Signal, m =100 GeV

CR1| VR SR

Events / bin
3,

Data / Bkg.
WO

S 102
ol
D=
o}

10

1

101

= ATLAS Preliminary
- Pb+Pb S, =5.36 TeV, 0.262 nb™ \ '\
FPA Model \

lg I=1g,

|"'|'\\\|"' JEEE RS

7
| IIIIII|

Observed 95% CL limit \ \
—————— Expected 95% CL limit \
[ Expected 95% CL limit 1o

Expected 95% CL limit +20
—— —— - FPA Model @ \s,, =5.36 TeV
—— —— - FPAModel @ |s\, =5.02TeV
=—————— MOoEDAL observed (95% CL limit, fs_NN =5.02 TeV)
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160
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Summary

* Presented a few recent results of ATLAS
* Corfu 2024 has more detailed talks on ATLAS results (see next slide).
 Could only select a few of the 126 publications since Corfu 2023.

* Run-2 analysis are wrapping up.
* Re-visiting data with improvements in analysis techniques.

e Still a lot to gain from run-2 data.
* First Run-3 analysis results

* ATLAS has achieved great improvements in performance of
detector and trigger, reconstruction, and analysis techniques.

* Data taking in full swing, stay tuned.
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Some ATLAS related talks

12. Recent Higgs results from ATLAS and CMS

Sandra Kortner (Max Planck Society (DE))
27/08/2024, 09:00

60. W mass measurements and prospects

Maarten Boonekamp (Université Paris-Saclay (FR))
29/08/2024, 12:00

86. SUSY in ATLAS and CMS
Yuya Mino (Kyoto University (JP))
28/08/2024,12:30

93. Dark matter in ATLAS and CMS
Xinhui Huan%gChmese Academy of Sciences (CN))
31/08/2024

97. Exotics and BSM (non SUSY, nhon DM) in ATLAS and CMS
Andrea Perrotta (INFN Bologna)
28/08/2024, 13:00
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* Measured fiducial cross
section ogy,=13.2+2.5fb
signal strengt ug,=1.5%£0.5

 Unfolded differential
measurement at mjj>1TeV
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Higgs as a portal

* No LLP’s discovered, but
bounds improved by
factor 10-40 compared to
previous result using the
same data.

* First time bounds for low
LLP masses (less than 16
GeV) surpassed bounds
from direct searches for
exotic Higgs-boson decays
to undetected states.
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Figure 6: Reduced coupling strength modifiers and their uncertainties per particle type with effective photon,
Zvy and gluon couplings. The horizontal bars on each point denote the 68% confidence interval. The scenario where
Biny. = By, = 0 is assumed is shown as solid lines with circle markers. The p-value for compatibility with the SM
prediction is 61% in this case. The scenario where B;,, and B, _are allowed to contribute to the total Higgs boson
decay width while assuming that xy < 1 and By, > 0 is shown as dashed lines with square markers. The lower panel
shows the 95% CL upper limits on Bj,,. and B, .
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Quantum entanglement with top quarks

* Map fiducial particle level D values
from detector level via Monte Carlo

calibration curve.
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VISNN = 8.16 TeV

:  tt productionin p+Pb
0=

* First observation of tt

production in di-lepton

. channelin p+Pb.
2 * Measured combined cross
S section:
v o = 58.1 £2.0 (stat.) *35 (syst.) nb

26.8.24

e Nuclear modification:

Rpa = 1.090 + 0.039 (stat.

+0.094
—0.087

(syst.)

* Good agreement with SM
expectation for different PDFs.
* Limited by systematics.
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