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Tile calorimeters

LAr hadronic end-cap and

forward calorimeters
Pixel detector

Toroid magnets LAr electromagnetic calorimeters

Muon chambers Solenoid magnet | Transition radiation fracker
Semiconductor fracker




ATLAS experiment at the CERN LHC collider

Vast and rich physics program at the high energy frontier

 Understanding of electroweak symmetry breaking and of the BEH mechanism
 Broad search program at the ~TeV scale addressing naturalness, dark matter, flavour
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so sensitive to feeble interactions

ise measurements of SM (EW, top, QCD) processes and heavy flavour properties
 indirect probes to BSM p

» Studies of the quark gluon p
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LHC Delivered
ATLAS Recorded
Good for Physics

Vs =13 TeV

Delivered: 156 fb™
Recorded: 147 fb™
Physics: 139 fb™
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Fantastic dataset recorded in run 2 (2015-2018) ,@7)\’
after the run 1 data set (2010-2012) A
(incl. PbPb, XeXe and pPb collisions) S

L&

1070 papers submitted for publication
220 results with full run 2 p-p collision dataset



Data efficiency

Data / MC

Very well understood detector performance with the full run 2 dataset

with run 2 pileup condition, ~35 pp interactions per bunch crossing
continuous improvements of identification and calibration of reconstructed objects
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Standard Model Production Cross Section Measurements

Status: February 2022
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large benefit from recent theory developments and computations
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Elastic cross-section measurement

» Differential do/dt pp—pp elastic cross-section Outer station
 Measure scattered protons with detectors located in roman pots ~240m from IP
e Special data taking with large B* optics (2.5km)
 Luminosity calibration from Van Der Meer scans

Inner station
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 From precise do/dt measurement can extract

 p (Real/Imaginary part of elastic amplitude for t->0) 0.0975 + 0.0106
* Total cross-section (from optical theorem) 104.68 + 1.08 mb

e common models don't accommodate well both measurements at the same time
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Events /0.2

Study W and Z polarisation in WZ events reconstructed in 3l+v decay mode

Precise studies of rare SM processes:

polarization in WZ production

Joint measurement of W and Z polarisation fraction, using deep neural network
First observation of simultaneous production of longitudinally polarised W and Z bosons with 7.10

Data / Pred.
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-053

Observation of di-charmonium excess in the 4 final state
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Background from single parton and double parton scattering

Motivated by Tetraquark

See large structures near threshold as well as narrow resonance at 6.9 GeV, confirming LHCb observation

New ATLAS-CONF-2022-040 New
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https://arxiv.org/abs/2006.16957
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-040

Top quark measurements

Top pair production cross-section @ 5 TeV Single top + photon observation

260 pb-1 dataset recorded in run 2

Dilepton and lepton+jets final states oria = 980 + 19 + 63 fb

o(tt) = 67.5x0.9 (stat) 2.3 (syst) +1.1 (lumi) £0.2 (beam) pb prediction: 406+2%.32 fb

4% accuracy
(prediction 68.2 + 4.8 +1:9.5 3 pb)
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+ several searches probing all possible top FCNC couplings



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/TOPQ-2018-40/
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Higgs boson measurements

_H—yy Full run 2 dataset

Precise mass measurement using H—4|

Event-by-event resolution, DNN for S/B separation,
precise muon and electron momentum calibration

mH =124.94+0.17(stat.)=0.03(syst. )GeV

(combined with run 1 data)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/HIGG-2020-07/

Higgs boson coupling measurements

Total cross-section / Standard Model prediction

u=1.05+0.06=1.05=+0.03 (stat.) +0.03 (exp.) = 0.04 (sig. th.) + 0.02 (bkg. th.).
(benefits also from reduced theory uncertainty)
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https://www.nature.com/articles/s41586-022-04893-w

Probe Higgs self-interaction and Higgs potential

Searching for Higgs pair production

Main challenges

e Very small cross-section 32.7 fb (<1/1000 of single H)
* Negative interference between main contributions

Compromise between statistics and S/B:
(H—bb).(H—yy or tT or bb)

Sensitivity with full run 2 data set significantly improved over partial run

2 results
New ATLAS-CONF-2022-050
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[ Expected limit £20
Obs. Exp
bbyyl l 4.2 5.7
bbt*t T} \ 4.7 3.9
bbbb |- i 54 8.1
Combined|- ‘ 2.4 2.9
||§|||||||||||||||||||||||||||
0 5 10 15 20 25 30

95% CL upper limit on HH signal strength gy

13

g H
Kt K
A e----- °
H AN
g 9909999909999~ H
Kt
9 0999999999999 > ®---------- H
A Y
Kt
9 9009990999999 < ®---------- H

New

I | | | | I
- ATLAS Preliminary )

— Observed _

VS =13 TeV, 126—139 fo- OTY
—— HH x, only
— HH + H K) only

HH + H k), only: HH + H k) generic -

95%: K) € [-0.4,6.3]
HH + H k) generic:
95%: K) € [-1.3,6.1]

95% —



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-050

tan 3

Searches for extended scalar sector

Motivated in many BSM models (SUSY,...)

Benchmark: 2 Higgs double model = 5 states
one identified with h(125) and quasi SM like

Searches for heavy scalar interpreted in hMSSM 2HDM model

July 2021
60 [ ga/bb H/IA, H/IA — 1t
139 fb™
40 Phys. Rev. Lett. 125 (2020) 051801
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2 N Phys. Lett. B 800 (2020) 135103
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1 i ] 1 1 A 1 | Phys. Rev. D 101 (2020) 012002
200 300 400 1000 2000

m, [GeV]

Also searches for light scalar produced in h(125) decay (NMSSM)

14

generic 2HDM model
Scan p_tt, p_tc, p_tu couplings
for heavy Higgs masses 200 GeV < mH < 1000 GeV
(largest deviation 2.8c local)
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-039

Owimp-nucleon [CM7]

Searches motivated by Dark Matter

Search for H—= Dark matter (invisible) Searches for mono-top production

BR(H—invisible) < 14.5% (obs) (10.3% exp.)
from search with VBF topology

(13% limit when combined with Higgs coupling measurements)

Part of wide mono-X searches (X=SM particles) + missingEt

fully hadronic final state

mass reach for V mediator ~ 2.5 TeV

probe also non-resonant model

Large increase of sensitivity compared to partial ryn—z result
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Searches for heavy resonances

Many searches reaching few TeV sensitivity in mass Leptoquark pair production, LQ = teortp

mass reach ~1.6 TeV (scalar LQ), ~2 TeV (vector LQ)

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

Status: July 2022 L dt = (3.6 -139) b V5=8,13TeV P ; q
miss - .
Model {,y Jetsy ET JLdt[fb™] Limit Reference LQ [’[’
L] L} LIS ' L} L] L} L} L} L} LI ) r L} L} L} L} L} T L ) ' L} L] L} L}
& ADD Gyk +g/q Oepu,t,y 1-4j  Yes 139 Mp 112TeV n=2 2102.10874 — E e
g ADD non-resonant yy 2y - - 36.7 Mg 8.6 TeV n=3HLZNLO 1707.04147 - 9 /j’
c ADD QBH - 2j - 37.0 My, 8.9 TeV n==6 1703.09127
g ADD BH multijet - >3] - 3.6 My, 9.55TeV n=6, Mp=3TeV,rotBH 1512.02586 -
£  RS1Gkk = yy 2y - - 139 | Gkk mass 4.5 TeV k/Mp = 0.1 2102.13405 ~ - e
B BukRS Gyx —» WW/ZZ multi-channel 361 | Gk mass 2.3 TeV k/Mps = 1.0 1808.02380 €, ,LL
Bulk RS Gxx — WV — évqq 1eu 2ji/1J  Yes 139 | Gkk mass 2.0 TeV k/Mp = 1.0 2004.14636 L
Bulk RS gkx — tt 1eu =21b,21J/2] Yes 36.1 gkKk mass 3.8 TeV r/m=15% 1804.10823 |/‘/
2UED/ RPP 1epu >2b,23] Yes 36.1 KK mass 1.8 TeV Tier (1,1), B(ALY - tt) =1 1803.09678 t
SSM Z’ — ¢¢ 2e,pu - - 139 2’ mass 5.1 TeV 1903.06248 p g
SSM Z' - 11 2T - - 36.1 Z' mass 2.42 TeV 1709.07242
2 Leptophobic Z’ — bb - 2b - 36.1 Z’ mass 2.1 TeV 1805.09299
8 Leptophobic Z’ — tt Oe,u  =21b,22J Yes 139 Z' mass 4.1 TeV Mm=12% 2005.05138
8 SSMW iy 1epn - Yes 139 | W’ mass 6.0 TeV 1906.05609 b 174
SSM W’ — 1v 17 - Yes 139 W’ mass 5.0 TeV ATLAS-CONF-2021-025
SSM W’ — tb - 21b,21J - 139 W'’ mass 4.4 TeV ATLAS-CONF-2021-043
HVT W’ - WZ — fvqgmodelB 1 e,u 2j/1J  Yes 139 W'’ mass 4.3 TeV gv =3 2004.14636
@ HVTW 5> WZ-tv'¢modelC 3en  2j(VBF)  Yes 139 | W' mass 340 GeV gven =1,gr =0 ATLAS-CONF-2022-005
HVT W’ — WH — ¢vbbmodelB  1e,u  1-2b,1-0] Yes 139 | W’ mass 3.3 TeV gv =3 HDBS-2020-19 c = = =
HVT Z’ — ZH — ¢¢/vvbbmodel B 0,2 e,y 1-2b,1-0j Yes 139 |2’ mass 3.2 TeV gv =3 HDBS-2020-19 S ' ' ' Y ' ew
LRSM Wy — uNg 2u 1J - 80 | Wg mass 5.0 TeV m(Ng) =05TeV, g, = gr 1904.12679 gy 1 02 A TLAS Preliminary ® Data |:| LQmix (1.6 TeV) _]
Cl qqqq - 2j - 37.0 A 21.8TeV 7, 1703.09127 wn = -1 th Diboson -
—  Clétqq 2epu - - 139 |A 358TeV 7. 2006.12946 = - Vs=13TeV, 139 b [ ] N [ .
O I eebs 2e 1b - 1gg A 1.8 TeV 8-=1 2105.13847 ) - 5 | : Btt(Z/y*) Il Non-prompt | -
Hpbs H 1b - 1 A 2.0 TeV g = 2105.13847 > - Ignal regions . _
Cl tttt >teu 21b21j Yes 361 |A 2.57 TeV |Cael = 4 1811.02305 it 9 9 [ ]Other 777 Uncertainty
Axial-vector med. (Dirac DM) Oeu,7,y 1-4]  Yes 139 | Mimed 2.1 TeV 24=0.25, g =1, m(x)=1 GeV 2102.10874 37SR -e ---- Pre-Fit Bkg.
=  Pseudo-scalar med. (Dirac DM) Oe,u,7,y 1-4] Yes 139 Mped 376 GeV gq=1, g=1, m(x)=1 GeV 2102.10874 .
Q  Vector med. Z’-2HDM (Dirac DM) 0 e, u 2b Yes 139 | Mped 3.1 TeV tanf=1, gz=0.8, m(x)=100 GeV 2108.13391 10 = Post-Fit =
Pseudo-scalar med. 2HDM+a  multi-channel 139 | Mmed 560 GeV tanf=1, g,=1, m(x)=10 GeV ATLAS-CONF-2021-036 — -
Scalar LQ 1%t gen 2e 22 Yes 139 LQ mass 1.8 TeV B=1 2006.05872 T ! e 7]
Scalar LQ 2" gen 2pu >2] Yes 139 | LQmass 1.7 TeV B=1 2006.05872 B i
@ ScalarLQ 3d gen 17 2b Yes 139 LQ} mass 1.2 TeV B(LQ§ — br) =1 2108.07665 ] l
Scalar LQ 3" gen Oeu  >2j,>2b Yes 139 |LQImass 1.24 TeV B(LQS — tv) = 1 2004.14060 @ .
Scalar LQ 3" gen >2eu>11>1j,21b — 139 |LGd mass 1.43 TeV BLQI - tr) = 1 2101.11582
Scalar LQ 3" gen Oe,pu,2170-2j,2b Yes 139 LCI% mass 1.26 TeV B(LQ%’/—» by) =1 2101.12527 1 ]
Vector LQ 3" gen 17 2b Yes 139 LQ; mass 1.77 TeV B(LQ; — br) = 0.5, Y-M coupl. 2108.07665 77T TAT 77777 -
o VLQTT - Zt+X 2e/2u/23eq 21b,21] - 130 . 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024 - .
x 2 VLQBB - Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343 L _
L 6 VLQ Ts3Ts3|Tsz > W+ X 2(SS)/>3eu>1b,>1j Yes  36.1 Ts/3 mass 1.64 TeV B(Tsjz — Wt)= 1, ¢ TsaWt)= 1 1807.11883 | |
E VLQT - Ht/Zt ey 21b,23] Yes 139 | T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
§ VLQ Y — Wb leuy 21b,21] Yes  36.1 Y mass 1.85 TeV B(Y = Wh)=1, cg(Wb)=1 1812.07343 = .
> VLQ B — Hb Oeu =2b, 21,210 - 139 B mass 2.0 TeV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VLL7 — Zt/H7t multi-channel =1 Yes 139 7' mass 898 GeV SU(2) doublet EXOT-2020-07 1 0—1 - —
‘e Excited quark q. — qg - 2] - 139 CI' mass 6.7 TeV onIy u"andd”, A = m(q') 1910.08447 E e e e e e e Y J-/’E
£ O Excited quark ¢* — qy 1y 1j - 36.7 | q" mass 5.3 TeV only u” and d*, A = m(q") 1709.10440 -
(3] E Excited quark b* — bg - 1b,1j - 36.1 | b* mass 2.6 TeV 1805.09299 - _
Lﬁ K Excited lepton ¢* e u - - 20.3 A =3.0TeV 1411.2921 —
Excited lepton v* Seurt - - 20.3 A=16TeV 1411.2921 | |
Type lll Seesaw 234e,u >2] Yes 139 N° mass 910 GeV 2202.02039
LRSM Majorana v 2p 2j - 36.1 | Ng mass 3.2Tev m(Wg) = 4.1TeV, g1 = gr 1809.11105 ] S, T I T N A N AN M MO M I B B R R
- Higgs triplet H** - W*W* 23,4 e, u (SS) various Yes 139 H** mass 350 GeV DY production 2101.11961 (@) 1 O - ' : ' ' ' ' .
g Higgs triplet H*= — ¢££ 234eu(SS) - - 139 H** mass 1.08 TeV DY production ATLAS-CONF-2022-010 X - ' ' 3
o Higgs triplet H** — ér 3euT - - 20.3 DY production, B(H;* — (1) =1 1411.2921 oM 1.5 ! ! —
Multich_arged particles - - - 139 multi-charged particle mass 1.59 TeV DY production, |g| = 5e ATLAS-CONF-2022-034 - C : : ]
Magnetic monopoles - - — 34.4 | monopole mass 2.37 TeV DY production, |g| = 1gp, spin 1/2 1905.10130 © 1| e s s W/yz///74////74////74////%///,%
V§=13Tev ‘ﬁ=131‘ev L o aal 1 L 1 L L L o aal L 1 L L L o aal 1 1 L 1 'E - : -]
rtial data ] - E ; 3
‘ e ' ildata 10 1 10 Mass scale [TeV] o 0.5 i E
*Only a selection of the available mass limits on new states or phenomena is shown. e T N S S S S RS
+Small-radius (large-radius) jets are denoted by the letter j (J). 800 1000 1500 2000 2500 3000 3500 4000

my; [GeV]
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Searches for long-lived particles

Large program to search for long-lived particles exploiting a
comprehensive set signhatures:
* displaced vertices in inner tracking detector
* lepton not consistent with originating from pp vertex
* decay in the calorimeter or muon spectrometer

ATLAS Long-lived Particle Searches* - 95% CL Exclusion

dE/dx measurement for charged metastable particles + multi charge

ATLAS Preliminary

Status: July 2022 [£dt = (32.8-139) fb! Vs =13 TeV
Model Signature  [£dt [fb7] Lifetime limit Reference
RPV t — ugq displaced vtx + muon 136 | t lifetime I I I 0.003-6.0 m I m(t)=1.4 ITeV 2003.11956
RPV ,\"/‘1’ — eev/euv/puv displaced lepton pair 32.8 ,if'l’ lifetime 0.003-1.0 m m(g)= 1.6 TeV, m({3)= 1.3 TeV 1907.10037
GGM i? — ZG displaced dimuon 329 X/‘l’ lifetime 0.029-18.0 m m(g)=1.1TeV, m(¥?)= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 139 ,\"'1J lifetime 0.24-24m m(i, G)= 60, 20 GeV, By= 2% CERN-EP-2022-096
GMSB 7 - ¢G displaced lepton 139 | Zlifetime 6-750 mm m(f)= 600 GeV 2011.07812
% GMSB 7 — 7G displaced lepton 139 | 7 lifetime 9-270 mm m(£)= 200 GeV 2011.07812
a AMSB pp — 70,11 71 disappearing track 136 ,\'f lifetime 0.06-3.06 m m(k;)= 650 GeV 2201.02472
AMSB pp — 773, 71 i1 large pixel dE/dx 139 | ij lifetime 0.3-30.0m  m(¥})= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519 m B(g — Sg)= 0.1, m(g)= 500 GeV| 1811.07370
Split SUSY large pixel dE/dx 139 g lifetime >0.45m m(g)= 1.8 TeV, m(¥})= 100 GeV 2205.06013
Split SUSY displaced vix + EMM'ss 328 | g lifetime 0.03-13.2m m(g)= 1.8 TeV, m(})= 100 GeV 1710.04901
Split SUSY 06,2-6jets +EM 3.1 | glifetime 0.0-2.1m m(g)=1.8 TeV, m(¥})= 100 GeV | ATLAS-CONF-2018-003
H-ss 2 MS vertices 139 | slifetime 0.31-724m  m(s)=35GeV 2203.00587
o Hoss 2 low-EMF trackless jets 139 | s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
§ VH with H — ss — bbbb  2¢ + 2 displ. vertices 139 s lifetime 4-85 mm m(s)= 35 GeV 2107.06092
EII FRVZH - 2yy4 + X 2 u—jets 139 v4 lifetime 0.654-939 mm m(y4)= 400 MeV ATLAS-CONF-2022-001
§ FRVZ H — 4yy + X 2 u—jets 36.1 74 lifetime 3.7-178 mm m(yq)= 400 MeV 1909.01246
T 4o Z4Z4 displaced dimuon 329 | Zgqlifetime 0.009-24.0 m m(Z4)= 40 GeV 1808.03057
H— ZZy 2 e, u + low-EMF trackless jet 36.1 Z4 lifetime 0.21-52 m m(Z4)= 10 GeV 1811.02542
(200 GeV) — s s low-EMF trk-less jets, MS vix 36.1 s lifetime 0.41-51.5m o x B=1pb, m(s)= 50 GeV 1902.03094
% $(600 GeV) — s s low-EMF trk-less jets, MS vix 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)= 50 GeV 1902.03094
é; d(1TeV) - ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4m o x B=1pb, m(s)= 150 GeV 1902.03094
W — N¢, N — €ty displaced vtx (uu,ue, ee) + u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988
W — NE¢, N — €ty displaced vtx (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
% W — N¢, N — by displaced vix (uu.ue, ee) + e 139 [ N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — NE N — tby displaced vix (uu.ue, ee) + e 139 | N lifetime | 0.39-51 mm | | | m(N)=6 GIeV. Majorana 2204.11988
0.01 0.1 1 10 100 cT [m]
Vs=13TeV  s=13TeV
partial data full data 11l 1eal | 11l il
0.01 0.1 1 10 100

*Only a selection of the available lifetime limits is shown.

T [ns]
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Search for H or Z produced far from interaction point
exploiting shower pointing and time measurements

Back Layer
X X Middle Layer
X X Front Layer
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Effective Field Theory

Systematics expansion of SM Lagrangian to look for BSM physics at higher energy scale

Combine Higgs boson measurements, electroweak (di) boson measurements
and constraints on electroweak parameters (from LEP/SLD)

(6)
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RAA

Physics with Pb Pb collisions

studies of jet quenching in quark-gluon plasma YY—TT process in ultra peripheral collisions

Scaled A+A ATLAS
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MUON NEW SMALL WHEELS
(NSW)
Installed new muon detectors with

precision tracking and muon selection
capabilities. Key preparation for the

TRIGGER AND DATA
ACQUISITION SYSTEM (TDAQ)
Upgraded hardware and software
allowing the trigger to spot a wider
range of collision events while
maintaining the same acceptance rate.

ATLAS forrun 3

NEW READOUT SYSTEM FOR THE NSWs

The NSW system includes two million micromega readout
channels and 350 000 small strip thin-gap chambers
(sTGC) electronic readout channels.

NEW MUON CHAMBERS IN THE CENTRE

OF ATLAS

Installed small monitored drift tube (SMDT) detectors
alongside a new generation of resistive plate chamber
(RPC) detectors, extending the trigger coverage in
preparation for the HL-LHC.

20

LIQUID ARGON
CALORIMETER

New electronics boards installed,
increasing the granularity of
signals used in event selection and
improving trigger performance at
higher luminosity.

el ‘pk

_ 30

’l-‘ ~ &‘t
L & il
X \\ Wi |} -

) [

ATLAS FORWARD PROTON
(AFP)

Re-designed AFP time-of-flight
detector, allowing insertion into the
LHC beamline with a new “out-of-
vacuum” solution.



New Small Wheel for muon trigger+measurement

NSW being positioned
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900 GeV pp collision data

recorded in May during stable-beam periods provided by the LHC during its commissioning
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13.6 TeV pp collision data
started July 5th
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First look at detector performance with 2022 collision data

ATL-PHYS-PUB-2022-033

900 GeV data

ATLAS Preliminary  Data 2022, Vs=900GeV, 1.7nb”
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ATLAS Phase-2 Upgrade for HL-LHC

Upgraded Trigger and
Data Acquisition system

Level-O Trigger at 1 MRz

Improved High-Level Trigger
(150 kHz full-scan tracking)

Electronics Upgrades
LAr Calorimeter

Tile Calorimeter
Muon system

High Granularity Timing
Detector (HGTD)
Forward region (2.4 < |n| < 4.0)

Low-Gain Avalanche Detectors (LGAD)
with 30 ps track resolution

New Muon Chambers New Inner Tracking Detector (ITk) Additional small upgrades
Inner barrel region with new All silicon, upto|n| =4 Luminosity detectors (1% precision goal)
RPC and sMDT detectors HL-ZDC

Detailed scope described in 7 TDRs approved by the CERN Research Board in 2017, 2018, 2020
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Conclusions

 Many results under production with the run-2 dataset
* 30 new results released for this conference
e Standard Model measurements over a wide range of phase space
* reaching 5-10% constraints on main Higgs boson coupling

* wide program for BSM physics search

 Run-3 Is starting now

e expect to collect a large dataset until 2025, ~double of run-2 dataset

* \ery significant effort to prepare detector upgrades for HL-LHC

e precision measurement of Higgs boson, rare decays and sensitivity to HH production

 and many other measurements and searches
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