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‘ The LIP ATLAS team
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» Physics Analyses (this talk) |
« ATLAS Upgrade (next by H. Santos) S e i ym




‘ Overview of the group’s Physics analyses

Standard Model Direct Searches for
Precision Measurements New Physics

Heavy lons

Vector-like quarks

Diboson resonances

FCNC in top quark interactions
Dark Matter

Anomaly detection

» Higgs boson couplings (b,t,W) and
spin/CP of ttH, HWW

» Top quark Vts vertex and global fits

» Triple and quartic gauge boson

couplings

EFT interpretations

* Heavy quark production

Images generated by DALL.E



‘ Recent Highlights

= Higgs boson properties

* Higgs boson production in association with top quarks
» CP nature of top-Higgs Yukawa coupling

* CP-odd couplings in HWW vertex with new inference methods

= Exotic searches

* Heavy resonance searches

* Resonant and non-resonant searches via anomaly detection

* Higgs boson tagging at high boosts ' -

Jet reconstruction and calibration
== Heavy lons B-tagging & boosted boson tagging
* Muon-jet triggers and b-tagging for the measurement of the Machine learning Trigger

nuclear modification factor of b-jets



‘ Higgs boson properties: top quark coupling strength
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« Initially, indirectly observed via gg fusion and Higgs decay to Y Y.

» Direct ttH observation in 2018.

- Here, first differential measurement of 77 H signal strength in bins of
Higgs pt: JHEP 06 (2022) 097

(c) tt+bb
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https://link.springer.com/article/10.1007/JHEP06(2022)097

‘ Higgs boson properties: CP nature of top-Higgs vertex

® K=Ky
100 + K, is a free parameter
— SM prediction

and tH events (with H—bb).

Measuring CP structure of the top-Higgs Yukawa coupling in ttH
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https://arxiv.org/abs/2303.05974
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Higgs boson properties: CP nature of W-Higgs vertex (I)

Search for CP-odd couplings in HWW vertex, considering the

only dimension-6 CP-odd operator in the HWW vertex.

New angular observables proposed to increase sensitivity to
the coefficient of the CP operator:

| — sm
- CH~W= 1.150
EEETTR ciw= —1.035

—-= Backgrounds (SM)

-0.5

0.0

0.5

Q,cosbt

o o
w w

Normalized distribution

e
h

°
<)

o
iN
L

o
[N]
)

— SM
- CH~W=1.150
----- CH~W= —1.035

—-= Backgrounds (SM)

-0.5 0.0 0.5
Qpcosbd ™

1
<
Hb<
b

EFT formalism with dim-6
operator ¢y,

v h— h—
cosét = p—l(l - (P x Pv) cosd = (pl(l ) x pl(z )) 44
v : - h— h— i
ol lps x v (" x o )lpy

arXiv:1409.5449



https://arxiv.org/pdf/1409.5449.pdf

‘ Higgs boson properties: CP nature of W-Higgs vertex (ll)
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» Neural networks are trained to provide a “sufficient statistics” q \\\ b
for this specific measurement, i.e. they converge to an H \<
estimate of the score function: _ o b
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* SALLY method introduced in arXiv:1805.12244 L o Giw= -1035

—-- Backgrounds (SM)

+ First implementation of novel inference methods taking
advantage of machine-learning and matrix element
information.
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https://arxiv.org/abs/1805.12244

‘ Higgs boson properties: CP nature of W-Higgs vertex (ll)
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+ First implementation of novel inference methods taking
advantage of machine-learning and matrix element Y
information:
« SALLY outperforms traditional methods in sensitivity to b
interference terms. H \<
* In the presence of quadratic terms, 2D analysis yields b
best results.
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Observable Cw S+B 95% CL (L= 300 fb”-1)
1D: transverse momentum of W boson [-1.62,1.62]
2D: W boson transverse momentum x transverse mass of WH system [-1.4,1.4]
1D:Qp X cos &+ [-0.227,0.227] Preliminary results
2D: W boson transverse momentumx Q, x cos §* [-0.088, 0.088]
MVA: SALLY, w/ final state particle 4 vectors [-0.067,0.067]

MVA: SALLY, w/ final state particle 4 vectors + 3 angular observables




‘ Exotics searches: a wide menu of searches

ATLAS Diboson Searches - 95% CL Exclusion Limits

Status: March 2023

ATLAS Preliminary

L£=139f" V5=13TeV
Model Channel’ Strategy* Limit Reference
T T T T T T T
Buk RS (krre = 35, Ag = 3TeV) R — WW,ZZ - wqq, {vqq.(laq resolved, boosted Eur, Phys. J. C 80 (2020) 1165
H Buk RS (kare = 35, Ag = 3TeV) R WW = evay resolved ATLAS CONF 202,066
eclor-like q uarks BUKRS (krre = 35, = 3TeV) R+ WW, 2Z - qagq ooosted P 08 020,042
RSt (k/Mpi =0.01) Gk =7y resolved 0.52.2 ToV U 2.4-2.6 TeV. - Phys. Lot B 822 (2021) 136651
RS1 (k/Mp; = 0.05) Grx =7y resolved Phys. Lett. B.822 (2021) 136651
V (or H) RS! (k/Mpr =0.1) Grx =y resolved Phys Lot 8822 (2021) 136651
Buk RS (k/Mpy = 1.0) G = ZZ = Cer'e vt resolved Eur. Phys. J. C 81 (2021) 332
Buk RS (k/Mp, = 1.0) G — WW = enuv. resolved ATLAS-CONF 2022066
Buk RS (/s = 10) Gk = WW. 22 = waq.(vaq,({aq  rosoed, boosted e iy G0 ez 1165
1 k. 0, imi - Buk RS (k/Mp; = 1.0) G — WW, ZZ - qqqq boosted JHEP 06 (2020) 042
ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary ! )
Status: July 2022 fL dt = (3.6 - 139) fo! 5=8,13TeV HVT model A W - WZ -ttt resolved anKiv:2207.03925
i HVT model A W’ = WZ - vvqq, tvqq, ttqq resolved, boosted Eur, Phys. J. C 80 (2020) 1165
l, E™S* (£ de[fb”

Mocer v detst B jrawry tmt_____ , Reerence P —
ADD G +&/q Oepry 1-4j Yes 139 2 210210874 " — WZ - qqq9 boosted JHEP 06 (2020) 042
'ADD nonresnant f P SHzno Toroarer
'ADD QBH 7 i 5 T e H Aoy W s WH — agbb boosted Phys. R 102 G020} 112008
ADD BH muitjet S B - as |Mw Mo =376, ot B4 512058 W oy
ADD S mitiel 5 3 - s 2 o~ sz 2w e resoived ST Ter LA CONF 2022088
BUKRS Goc = WW/ZZ  multchamvel 361 | Gumase 2370V Ta0e 2380 2 W tvag resoved,boosted o e, 4.0 80 2620 165
BUKRS Gu — WV o tvaa e 2119 Yes 139 2004 14696

ulk RS gk — tt e 2152102 Yes 361 | Ewcmass 38TeV 1804.10823 2" = ZH — vbb, ttbb resolved, boosted aiXiv:2207.00230
2LED Are Lo >2h2i 361 _|Mmas 18TV Lsoeens 2 W - qaaq boosted P 0 a0z oz

= ze, T Tow0s2ts
o indd w2 I e e 2a2Tev e 2 24 - qath boosted Py v D 102 2020 112008
Leptophobe 2~ bb N 2, . B 2l Lasoezgg , e T T
Leptophobic Z* — tt. Oepu 21b22J Yes 139 rim=12% 2005.05138 W’ > WZ - boe't resolved —— anivi2207.03925
SSM W’ — ty Ten = Yes 139 1906.08609 W’ — WZ = vvqq. (vqq. tfaq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
SSM W’ —» v 17 - Yes 139 ATLAS-CONF-2021-025
SSMw  ib TSI ATCAS GONF 2021053 W W b resoled, boosed [e——
BTW Wz iggmodel 8 Ten 211100 Yes 20001463 .
HVT W' — WZ - v ('¢ model C 3e.u  2](VBF)  Yes ATLAS-CONF-2022-005 W' - WZ — qq9q boosted JHEP 06 (2020) 042
HVTW' = WH = (vobmodel B Teiu 125,10 Yes 7. W - -
HVT 2' — ZH —» t¢/vbbmodel B 02 e, 1-2b,1-0] Yes 2207.00230 W’ = WH - qqbb boosted 1.5-3.2 TeV. Phys. Rev. D 102 (2020) 112008,
LRSM W = ui - 1904.12675 P - resolved 05:2.4 ToV. ATLAS-CONF-2022.065
Clagqq - 2j - . 1703.09127 Z' - WW — tvaq resolved, boosted Eur. Phys. J. C 80 (2020) 1165
Sicoq 2oy o - " 2008 12946
Cleebs 2e 1b - 210513847 2Z' — ZH —» vvbb, ttbb resolved, boosted arXiv:2207.00230
Gl 51 - Zios1047
Giltr sten >1b31) ves Tornoeaos 2 W gaga ooosted HEP 0 2020 042
Aialvoclor med. (OiraoOM)  Ocpiry 1-41 Yoo - 21c2 10074 2 2H - ot ooosted Prys. R D 102 2020) 112008
Pseudo-scalar med. (Dirac DM) O e.u.t,y  1-4]  Yes P 210210874 . »
Vector med. Z’-2HDM (DiracDM) O e, i 2b Yes 1, §2=0.8, m(x)=100 GeV' 2108.13391 W WZ bt mRsahod no JI'D 4 TeV N N N N N N N N venr.ooms
Pseudo-scalar med. 2HDM+a _ multi-channel 1, g =1, m(x)=10 GeV AT
ScalavLO;:ﬂl" ge Egl Yes B= 2006.05872 05 1 15 2 25 3 35 4 4.5
Scalar LQ: n " 22j Yes B=1 2006.05872 : — —
Scalar LQ 3% gon b Yes B =1 Hoa0oes HVT model A: gr = ~0.55, gy = ~0.56 Excluded mass range [TeV]
Sealar LG 3% gon ¥ I B - ) 1 HVT model B: g = 0.14, gy = 2.9
Scalar LQ 3" gen 22e.p, 217 21), 21 - B(LQF — tr) 2101.11582
ScaarLa 3% gon Teh17 05120 ves BG4~ by Siovr2eer HVT model G: gr =0, g = 1 ,
Vector LQ3 gen v 26 Yes BQY — br) 2108.07665 “small-radius (large-radius) jets are used in resolved (boosted) events
VLQTT = Ze + X 2e2u>3ep 21b,21] - SU(2) doublet ATLAS-CONF-2021-024. i
VLQ BB - Wt/Zb+ X ‘multi-channel SU(2) doublet 1808.02343 .
VLQ To3TssalTos — W+ X 2(SS)>3 e >1b,21] Yes B(Tes = W)= 1, ¢(Ts s W)= 1 1807.11883
il f Tl Setenied - g | e IDOSON resonances
vLQY - Wb leu 21b,21] Yes B(Y — Wh)=1, cg(Wh)=1 1812.07343
VLQ B — Hb Oep 22b21j,21 — SU(2) doublet, xg= 03 ATLAS-CONF-2021-018
VLL ¥ = Zr/Hr multi-channel  >1] SU(2) doublet ATLAS-CONF-2022-044 X
Excited quark ¢* — qg - 2j B a7tV only u 191008447 q
Excited quark g* — qy 1y 1] - 53TeV only u* and d, 170910440 d
Excited quak 5 5§ R TR Toto0asr
Excited epton 1+ seu o0 C A=30T0w il V/H/HIv
Excited lepton v* Sent - - A=16TeV 1411221 q
Type I Seesaw Z3sen 22 ves 2202.02009 -
LRSM Majorana v H 2j - m( W) 1TeV, g = gr 1809.11105 W
Hig riplet H** — W*W* 234 e u(SS) various  Yes DY production 2101.11961 t r's
Higgs triplet H** — ¢¢ 234eu(SS) - - production ATLAS-CONF-2022-010
Higgs triplet H** — (1 Ser - DY production, B(H;* — (r) = 1 1411 2801
Mult-charged paricies -  SOnF 2022 :
Magnoti monopoles 1o 10150

Vs=13TeV.
partial data

1 )
107 1 10 Mass 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)
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‘ Too many to search for?
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‘ Exotics searches via anomaly detection

On the forefront of anomaly detection techniques
» Goal is to increase generality of searches.
» Mono-jet searches: train auto-encoder to learn SM background. Take reconstruction error as an

anomaly score.

- Y — X H resonance search: “anomalous” X boson tagged via anomaly score, followed by

bump-hunting in my.

~
S

b

Preliminary results presented at
ICHEP: ATLAS-CONF-2022-045

Significance _.
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Vs=13 TeV, 139 fo'!

Fit Range: 1.3-4.9 TeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2022-045/

# events

ATL-PHYS-PUB-2020-019

Improving b-jet and Higgs boson tagging

T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T ‘ T T T T T
- 102 ATLAS Simulation Preliminary =
New boosted H — bb taggers: F Vs=13Tev o Drn, fp=0.25 -

C r —
4 * Heavy resonances — large boosts = A —_ 5\\52 ﬁblzr |
.. . . 10° =0. E
« BSM deviations in high-momenta phase-space ;g g SAEEEe ]
3 [ ]
% 10 Preselection: ) .

_Z—S ! =  F Inl<20
L pl>500GeV
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g ]9-:‘» ‘ ‘ T ‘ T T T T 4i
2 ]
2°F E
Q8 3k -
Beamline B L e —— N R
orimary Vertex < 04 0.5 0.6 0.7 0.8 0.9 1.0
Higgs Efficiency
/) Differentiable secondary
= . .
- = vertexing for b-tagging [new]
> Introducing geometry information in ML

based taggers
Mass
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2020-019/
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Improving b-jet trigger and tagging for heavy ions

Heavy flavour jet production in Pb+Pb collisions
» Measurement of nuclear modification factor of b-jets: probes of the Quark Gluon Plasma

* Development of b-jet and muon-jet triggers

+ NEW: ML-based offline b-tagging in heavy ion collisions
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2204.13530 (submitted to EPJC)



https://arxiv.org/abs/2204.13530

Last October we welcomed 250 members of ATLAS for
a Collaboration Week in Lisbon

ATLAS WEEK

LISBON 10-14—0OCTOBER

2022



Run 3 is restarting!
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Summary and conclusions

* From SM precision measurements, to probes
of the quark-gluon plasma to direct searches
for new physics, there is a wide physics
program being carried out at LIP ATLAS.

* LIP is involved in the day-to-day detector
operations, physics analyses and upgrade
activities (more on this next).

» Looking forward to a successful Run 3 and to
continue exploring all corners of the Standard

Model and beyond.
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Simulation-based inference

Score, t(x)|g = Vg logp(x|6)|g, is the statistically optimal observable in the

vicinity of a parameter point 6 (generally the SM, 6 = 0)

parameter ()

l

latent 2

A

augmented data

Idea: use the joint score t(x, z,|6) to approximate the score

* used in analyses, but neglecting PS, had. and detector simulation (z, = x)

Vop(zp|9)| ~ VolM(z[0)* Voo (0)

[M(2p]0)[? a(0)

t(x, zp) = Vglogp(2p|0) =

Alternative: use a NN with detector-level observables as inputs to extract t(x|6), using

joint score t(x, z|0) in the loss

* SALLY: Score Approximates Likelihood LocallY

O T 0;
arg min L[g] —» 7(z|0) —>
9 approximate

likelihood
ratio 91

Simulation

Machine Learning Inference

19
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