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The Higgs and the Dark Sectors

The Higgs discovery at the LHC is one the most important developments of the past years in particle physics.

First elementary scalar particle, offers unigue windows to new physics searches

Studying Higgs boson and its properties is extremely important
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https://www.nature.com/articles/s41586-022-04893-w
https://www.nature.com/articles/s41586-022-04892-x

Dark Sectors

Overwhelming evidence for Dark Matter from astrophysics & cosmology
No evidence from particle physics: Particle nature is still a mystery!
DM can be a particle from a larger “dark sector” of SM singlets

With a “portal” between SM & DS via mediators

SM Sector Dark Sector

?
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Dark Sectors

A huge list of models with dark sectors within reach of the LHC experiments

Can be split into simplified and extended dark sector models

Pseudo- Scalar Klédeclligg

scalar Higgs

Simplified models:

g - Minimal set of parameters

Neutral
natural-
ness

One DM + one mediator

SEIUE
visible

o - Extended DS:

Fermion
Vector portal

A family of SM singlets that communicate
with the SM thorough possible portals

Inelastic
Dark Matter

Simplified Extended - Rich structures in DS, rich
Slellc el e dark sectors phenomenology for experiments

Neutrino
portal

Dark sector searches _ _
with the CMS experiment Dark sector A lot of results from ATLAS & CMS covering different

models in

CMS searches models in the recent years. | will only cover a select few.
CMS EXO-23-005
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https://cms-results.web.cern.ch/cms-results/public-results/publications/EXO-23-005/index.html
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http://dx.doi.org/10.1140/epjc/s10052-023-11952-7
https://www.sciencedirect.com/science/article/pii/S0370269323002976?via=ihub

H — Invisible

The upper limits can be interpreted in context of Higgs portal models to dark sectors

- Translates into limits on mpm and DM-nucleon cross sections for comparison to other DM experiments.

ATLAS & CMS are more competitive in low DM mass phase space

2

OwimP-nucleon [CM7]
o =
Eg

A

I
AN
&)

<
AN
O

1

TTTTTTTTTTTT

T T T '/I)/'I-

ATLAS

\\\ (s= 7TeV. 471" —
\\ | (s= 8TeV, 203" =

\ ' Vs =13TeV, 139" —=

...... . —
........... \ e —
~eo. . _:

"
N"~
"-.\ —
-
e N
=2

(()]1() 2 }] S ( 1

1 10 107 10°

Phys. Lett. B 842 (2023)

49" (7 TeV), 19.7 fb" (8 TeV), 140 fb™' (13 TeV)

C\IA 10_38 g' | | T 1T 11 | | | I T 11 | | | T 11 I?
i: it < (:S(a)(?i cL S 10®E . CMS 90% CL limits
Imits a — S te, ] 3
© § oo b ., B(H - inv)<0.14
Higgs Portal WIMP: 3 - . e, Higgs portal models 7
= Scalar CTJbg s = 0"." . . ~ - - Majorana fermion DM =
Majorana 10_43 E S '0.;‘:.. s | ~ — - Scalar DM ?
= = \',\ ! I UV-com ?E
VeCtorEFT a4 - “: Y . ,1 Vector DM P 3
v 10 . | Veator DM220 8
----- ector s * ~~ / :
uv mOdel, a=0.2 1 0_45 E? 0"" S ;///; Vector DM ::dljt;v:GeV ?E
Other experiments: 107 - ________————-"z, ———— } /// _____..---"‘ "_;
— 1 Xen0n1T‘Mig 10_47 E ‘:./ g :““““lllllll _:I
EEREY DS50-MigNQ ) i _ _
— — DS50-MigQF 10 o D'reCt'dCe;::St'T"ln‘ E
R Pnr\dnv_4T 10_49 B //// | - -
aliGan-4i E - ssnn DarkSide-50 =
- LUX-ZEPLIN 105 - «xsx PandaX-4T -
E suss LUX-ZEPLIN a

-51 I I Lol I I Lol I I L1 1111

10 ,

1 10 10 1

Mgy, (GeV)
137963 Eur. Phys. J. C 83 (2023) 933

03

ATLAS

EXPERIMENT

Efe Yigitbasi

22/10/2024


https://www.sciencedirect.com/science/article/pii/S0370269323002976?via=ihub
http://dx.doi.org/10.1140/epjc/s10052-023-11952-7

Vlassless Dark Photons ATLAS
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https://link.springer.com/article/10.1007/JHEP08(2024)153

Massless Dark Photons

VBF and ZH channel results are combined under SM Higgs assumption

Observed SB(H»s = yy,) is 1.3%

ggF and VBF results are combined under BSM Higgs hypothesis

Assuming B(Hyzqs — vy, = S %, observed exclusion of n; < 1.6 TeV
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https://link.springer.com/article/10.1007/JHEP08(2024)153

Dark Higgs SATLAS

ATLAS search for X + E;”’Jliss for a massive dark Higgs boson (s) with s — bb, and
anew U(l)’

Resolved and boosted categories based on E"*S
11 and 2/ CRs to constrain the backgrounds

New NN based X — bb tagging algorithm to enhance the sensitivity

Results are interpreted for 3 scenarios, based on g,, g, sin(0), m,

Excludes m, < 3.4 TeV for the benchmark scenario with m;, = 70 GeV
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-26/

Dark HIggs

CMS search for X + p?iss for a massive dark Higgs boson (s) with s — WTW~, and a new U(1)’
Targets m; > 160 GeV
Both WW — 2[2v and WW — [vqq are considered using single and double lepton triggers

WW — 2[2v: my; and transverse mass of [, + p7*** system m;mi"’p T

WW — [lvgq: BDT discriminator using 13 kinematic features

Results are interpreted for a similar benchmark scenario to ATLAS with different m,, values
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http://dx.doi.org/10.1007/JHEP03(2024)134

CMS search for tf + pY”?iSS for simplified models with
scalar and pseudo-scalar portals

Yukawa-like couplings to SM quarks with top
couplings favored

Considering all hadronic, semi-leptonic, and
dileptonic channels

Both 17 + p2™™* and 1 + pJ"* are probed
All hadronic and semi-leptonic: p?i“ discriminator

dileptonic: NN based discriminator using kinematic
variables

Scalar (pseudo-scalar) masses are excluded below
280 (290) GeV
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https://cms-results.web.cern.ch/cms-results/public-results/preliminary-results/EXO-22-014/index.html
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Scalar and Pseudo-Scalar Mediators
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2018-62/

PHDM+a Signatures:bb + pi'ss

CMS search for bb + p!*'*$ motivated by 2HDM+a models

A/a — b coupling is enhanced for large tan(/?)

miss

1b or 2b signal regions with large p7*** and CRs to constrain Z + jets, W + jets, and #f backgrounds
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https://cms-results.web.cern.ch/cms-results/public-results/publications/SUS-23-008/
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?HDM Signatures: ttH/A — tttt

ATLAS search for a heavy scalar (H) or pseudo-scalar (A) in tftf final state

: .= t
For my;,, > 500 GeV and tan f§ ~ 1 dominant decay is ¢
1L channel: One lepton (e or i) and >7 jets ,
2L.OS channel: Two opposite charge leptons and >5 jets <
Channels further split into categories based on # of b-tagged jets E
Signal and background classification using GNNs parametrised in my 4 )
t
Results are combined with a previous search with 2 same-sign leptons (2LSS) or multi leptons (ML) channels
for a 2HDM model setting upper limits on the cross-sections as a function of niy, 4
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-13/

?HDM Signatures: ttH/A — tttt

ATLAS

EXPERIMENT

ATLAS search for a heavy scalar (H) or pseudo-scalar (A) in tftf final state
For my;,, > 500 GeV and tan f ~ 1 dominant decay is ¢

1L channel: One lepton (e or i) and >7 jets

2L.OS channel: Two opposite charge leptons and >5 jets

Channels further split into categories based on # of b-tagged jets

Signal and background classification using GNNs parametrised in my 4

Results are combined with a previous search with 2 same-sign leptons (2LSS) or multi leptons (ML) channels
for a 2HDM model setting upper limits on the cross-sections as a function of niy, 4

*: normalised to total post-fit Bkg. _Q" L L L L
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Another recent ATLAS result looking at A/H — 1t

| process interference with SM 77 in 2HDM+a context
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2022-13/
https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PAPERS/EXOT-2020-25/

LLPs in Dark Sectors

Structure of DS can lead to new and rich phenomenology

Very weak couplings to SM and low masses, compressed
spectra:

Long-lived particles (LLPs)

Unconventional detector signatures and unusual
backgrounds

Dedicated strategies for triggering, reconstruction,
and background estimation are often necessary
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https://indico.cern.ch/event/432527/contributions/1072042/

Displaced Vertices

ATLAS search for hadronically decaying neutral LLPs leading to displaced vertices (DV)

Higgs portal (w/ VH and VBF production): H — ss — qgqq

ALP coupling to W/Z or up-type quarks

Displaced and prompt jets are identified with a BDT classifier using jet level features. Selected displaced jets are associated to
reconstructed DVs

Higgs portal benchmark limits are stronger than previous results by up to a factor of 20

Driven by improvements in large-impact parameter track reconstruction, addition of 1-lepton and VBF regions, and inclusion of

For H = ss — 4b BR > 1% are excluded for m, = 55 GeV and 6 < ¢z, < 68 mm

B(H — ss = 4c) > 10% excluded for m; = 5 GeV and 3 < c7, < 20 mm
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ATLAS

EXPERIMENT

Displaced Calorimeter Jets

CalR+2J preselection

I 1 1 1 1 | 1 I 1 1 | 1 T 1 T I T 1 1 1 I T 1 I 1

ATLAS ¢ Main data

Vs=13TeV,140fo~" ¢ BiBdata
—— (Mg, ms) =(125,55) GeV, cTgen=1.05m

—— (mg¢, ms) =(400,100) GeV, CTgen=1.608 m
—— (me, ms) =(1000, 275) GeV, CTgen =2.399 m
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ATLAS search for hadronically decaying neutral LLPs leading to displaced jets in calorimeter - .
Hidden Sector (w/ VH and ggF production): ® — ss — ggqq 107555 20
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i i Q - ATLAS :
Long-lived massive dark photon Z, -~ S L s AN -
Neutral LLPs decaying after electromagnetic calorimeter — High hadronic to electromagnetic energy é 0 __ __
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— 0L _ —
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Emerging Jets

- CMS search for emerging jets (EJ) in models with long-lived dark hadrons decaying to SM particles

Multiple displaced vertices in a jet
Yukawa-like coupling between heavy mediator, dark quarks, and SM quarks

Unflavored: only couplings to down quark
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Muon showers
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Displaced Jets In [racker

CMS early Run 3 result for displaced jets using new trigger and reconstruction techniques f
New displaced jet triggers: factor 5-10 gain in efficiency compared to Run 2 : B
New displaced vertex reconstruction and GNN based LLP taggers b == = f

Displaced dijet GNN score is used to define the signal region
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Displaced Dimuons

CMS early Run 3 result for displaced dimuons from LLP decays using new triggers

Improved trigger efficiency up to a factor of 4 compared to Run 2

Using a combination of tracker+muon system and muon system only muons

Sensitivity to a wide range of LLP ¢t

Results are interpreted for HAHM and RPV SUSY models

Run 3 limits are already better than Run 2 limits with ~ 1/3 of the data for large ct

Trigger efficiency
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EXPERIMENT

H — LLP Summary Plots | OatLas
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Summary & Outlook

Extensive search program at the LHC to investigate Higgs properties and dark sectors

Impressive results, including combination results, using full Run 2 dataset from ATLAS and CMS
exclude huge amounts of BSM parameter space

Innovative strategies in Run 3 to substantially increase sensitivity to unconventional final state
signatures

Exciting developments in triggering, reconstruction, and analysis techniques making
extensive use of ML methods

Early Run 3 results already show the impact of new developments, improving on Run 2 results with a
fraction of the dataset

Many more searches are in progress with the Run 3 dataset

Exciting new results are expected

HL-LHC era is around the corner with significant improvements in detectors and trigger systems

Significantly improved sensitivities to unconventional final states
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Dark Sector Summary
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ATLAS Long-lived Particle Searches* - 95% CL Exclusion

| LP Summary Plots

ATLAS Preliminary

Compact Muon Solenoid

ATLAS

EXPERIMENT

Status: March 2023 f - _ -1 = . . .
Ldt=(32.8-139) fb Vs =13TeV Overview of CMS long-lived particle searches
. -1 - - - -
Model Signature  [Ldt[b™] Lifetime limit Reference .
l L] T LI lIII L] T L) III T L] LI L L) III T L] LI L L III T T mrri III L] T LB CMS Prellmlnary MarCh 2024
RPV T - ugq displaced vix + muon 136 | t lifetime 0.003-6.0 m m(t)=1.4TeV 2003.11956 UDD, g—tbs, my =2500 GeV g 2104.13474 (Jets with displaced vertices) [N GG006=009m 140 b
~0 . , ~0 jie g N or UDD, g-tbs, mg =2500 GeV g 2012.01581 (Displaced jets) [ o00s=1m 1327
RPV ¥} — eev/euv/uuv  displaced lepton pair ~ 32.8 | X lifetime 0.003-1.0 m m(g)= 1.6 TeV, m(y])= 1.3 TeV 1907.10037 UDD, 133, mé = 1600 GeV -t 2104.13474 (Jets with displaced vertices) [ININI000055 20008 140 fb-*
RPV ) - qqq displaced vtx + jets 139 | & lifetime 0.00135-9.0 m m(%)= 1.0 TeV 2301.13866 UDD, t-dd, m¢ = 1600 GeV N HH2 1531 Oisplacad juts) 13207
LQD, t-bl, mi = 600 GeV t | 1808.05082 (2p : ! 36 fb?
GGM % > ZG displaced dimuon 329 )2‘1’ lifetime 0.029-18.0 m m(g)=1.1TeV, m({®)= 1.0 TeV 1808.03057 LQD, t-bl, m: = 460 GeV t )9 (Displaced leptons) 0.0001-10 m 118 fb
0 e . LQD, t-bl, mi = 1600 GeV t 2012.01581 (Displaced jets) [N G005=024% 132 fp~?
GMSB non-pointing or delayedy 139 X, lifetime 0.24-2.4 m m(§?, G)= 60,20 GeV, By=2% 2209.01029
. - dislaced lept . . GMSB, §-gG, my = 2450 GeV g 2012.01581 (Displaced jets) 0.006-0.55 m 132 b~
> GMSB ¢ — (G ISplaced fepton 139 | £ lifetime 6-750 mm m(()= 600 GeV 2011.07812 GMSB, §~gG, my = 2100 GeV F 1906.06441 (Delayed jet + MET) 032-34m 137 fbo-?
D GusBz 1 displaced lepton 139 | # lifetime 9-270 mm m(f)= 200 GeV 2011.07812 STRESUSY, G0, my = 2500 G g 201201551 (Dikpiaced Jots) 0.007-0.36 m 132107
a Split SUSY, §-gdx?, mg= 1300 GeV g 1802.02110 (Jets + MET) <lm 36 fb~?
AMSB pp — ¥1i].%{ ¥;  disappearing track 136 |7 lifetime 0.06-3.06 m m(f1)= 650 GeV 2201.02472 Split SUSY (HSCP). fi = 0.1, m; = 1600 GeV g CMS-PAS-EXO-16-036 (dE/dx) =07m 13 o7
N mGMSB (HSCP) tanf = 10, >0 , m: = 247 GeV 7 CMS-PAS-EX0-16-036 (dE/dx + TOF) =75m »[13f?
AMSB pp — V%, i vr large pixel dE/dx 139 | i lifetime 0.3-30.0 m m({1)= 600 GeV 2205.06013 E Stopped £, t-ty?, mi =700 GeV i 1801.00359 (Delayed jet) 60-15e+13m (39 fb?
. 3 . &  Stopped g, §-adx}. fip = 0.1, my=1300 GeV j 1801.00359 (Delayed jet) 50-3e+13m |39
Stealth SUSY 2 MS vertices 36.1 S lifetime 0.1-519 m B(é — 5g)= 0.1, m(é): 500 GeV| 1811.07370 > Stopped &, é_,qu‘g(uuxin)' fi, = 0.1, m; = 940 GeV é 1801.00359 (Delayed pp) 600-3.3e+12 m 39 fp-?
) . - W AMSB, x=-xin*, m,- =700 GeV + 2004.05153 (Disappearing track) 07-30 140 fb~
Split SUSY | | dE lf ; g)= 1.8 TeV, m(¢?)= 100 GeV > TR T X - ol pins S
P arge pixel dE/dx 139 g lifetime >045m m(&) e "7()((1’) e 2205.06013 (7,] §-qdx] or g4, xi X" =xin*, m; = 1600GeV,m,» = 1575GeV Xi 1909.03460 (Disappearing tracks + jets with M) 0.11-10 m 137 fb?
Split SUSY displaced vix + EMss 328 g lifetime 0.03-13.2 m m(g)= 1.8 TeV, m(%)= 100 GeV 1710.04901 G-ax; or qxi*. xi 2xn*, m; =2000 GeV, my = 1000 GeV 1909.03460 (Disappearing tracks + jets with Mr;) 026-2 m 137 fb~?
) t=ty] or by, x5 =xin*, mi=1100 GeV, my = 1000 GeV x5 1909.03460 (Disappearing tracks + jets with Myz) 025-9m 137 fb~?
Split SUSY 0¢,2-6jets +ET™*  36.1 g lifetime 0.0-21m m(g)=1.8TeV, m(¥?)= 100 GeV | ATLAS-CONF-2018-003 GMSB, x3—HG(50%)/ZG(50%), my = 600 GeV 2 2212.06695 (Trackless jets + MET) 0.04-12 m 138 fb~?
GMSB, x2-HG(50%)/ZG (50%), myz = 300 GeV 0 2212.06695 (Trackless jets + MET) 0.05-24 m 138 b~
H-ss 2 MS vertices 139 | s lifetime 0.31-72.4m m(s)= 35 GeV 2203.00587 GMSB SPSB, X;~YG, My = 400 GeV 1 1909.06166 (Delayed v(v)) L 77
GMSB, co-NLSP, /=/G, mj =270 GeV i 2110.04809 (Displaced leptons) 5-05-2.65 m 118 b~
© H-ss 2 low-EMF trackless jets 139 s lifetime 0.19-6.94 m m(s)= 35 GeV 2203.01009
S . . H~Z0Z5(0.1%), Zo—it, My =125 GeV, my = 20 GeV X 2205.08582 (Displaced dimuon) 5e-05-5 m 98 fb~?
'; VH with H — ss — bbbb ~ 2( + 2 displ. vertices 189 | s lifetime 4-85 mm m(s)= 35 GeV 2107.06092 H=Z0Z0(0.1%), Zo-uu(15.7%), my =125 GeV, mx=5GeV  x 2112.13769 (Displaced dimuon scouting) 0.0001-0.25 m 101 fb-2
, . H-XX(10%), X-ee, my =125 GeV, my = 20 GeV X 14116977 (Displaced dielectron) 0.00012-25 m 20 fb~? (8 TeV)
& FRVZH-o2ya+X 2 p-jets 139 | alitetime e S S L] m(ya)= 400 MeV 2206.12181 | HXK(0.03%), X my =125 GeV, mx =30 GeV X 2110.04809 (Displaced leptons) 0.001-0.12 m 118 b~
@ FRVZH - 4ys+ X 2 u—jets 139 | 74 lifetime 2.7-534 mm m(ya)= 400 MeV 2206.12181 S [17XX(10%), Xbb, my = 125 GeV, my = 40 GeV X 201201551 (Displaced jets) 0.001-0.53 m 13207
D g H=XX(10%), X—bb, my = 125 GeV, my = 40 GeV X 2110.13218 (Displaced jets + Z) 0.004-0.248 m 117 fb~?
I H— Z4Z4 displaced dimuon 329 Z4 lifetime 0.009-24.0 m m(Z4)= 40 GeV 1808.03057 G | H-XX(10%), X-bb, mw =125 GeV, my = 40 GeV X 2107.04838 (Hadronic decays in CSCs) 0.12-450 m 137 fb~?
& | HoXX(10%), X-TT, my =125 GeV, mx =7 GeV X 2107.04838 (LLP decays in CSCs) 0.02-23m 137 fb™
H—- ZZ, 2 e, u + low-EMF trackless jet36.1 Z, lifetime 0.21-5.2 m m(Zy4)=10 GeV 1811.02542 (=] dark QCD, my,,, = 1500 GeV, m.,, = 10 GeV, agonstic Yo 2403.01556 (Emerging jet + jet) 0.003-03m 138 fb~?
T dakqo, mx,,, = 1500 GeV, m-,, =10 GeV, GNN Xif 2403.01556 (Emerging jet + jet) <04m 138 b
®(200 GeV) — ss 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 H=XX(10%), X-bb, my = 125 GeV, mx = 40 GeV X CMS-PAS-EX0-23-013 (Displaced Jets Run3) 0.0005-2.5 m 35 fb~* (13.6 TeV)
& H=XX(10%), X—dd, my = 125 GeV, my = 40 GeV X CMS-PAS-EX0-23-013 (Displaced Jets Run3) 0.0005-2.5 m 35 fb~? (13.6 TeV)
E $(600 GeV) — ss 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 H-XX(10%), X-TT, myu = 125 GeV, mx = 40 GeV X CMS-PAS-EX0-23-013 (Displaced Jets Run3) 0.001-05m 35 b~ (13.6 TeV)
2 (1 TeV) — ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o x B=1pb, m(s)= 150 GeV 1902.03094 10-7 10-3 10-3 10°! 10! 103
ct [m]
W — NE, N — tly displaced vtx (uu,ue, ee) + u 139 N lifetime 0.74-42 mm m(N)= 6 GeV, Dirac 2204.11988 Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
W — Nt,N — tty displaced vtx (uu,ue, ee) + u 139 N lifetime 3.1-33 mm m(N)= 6 GeV, Majorana 2204.11988
-~
:2: W — N¢,N — tty displaced vitx (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — N¢, N — tty displaced vitx (uu,ue, ee) + e 139 N lifetime 0.39-51 mm m(N)= 6 GeV, Majorana 2204.11988
I L L L IIIIII L L L lllIlI L L L IIIIIl L L L IlIIII L L L IIIIII L L L1l 1
0.001 0.01 0.1 1 10 100
ct [m]
Vs =13 TeV Vs=13TeV
partialdata full data | 1 r 3l 1 gl 1 a1l 1 L3l 1 L3 el 1 L1111
*Only a selection of the available lifetime limits is shown. 0.001 0.01 0.1 1 10 100
T [ns]
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2HDM+a Summary Plots

2HDM=+a, Dirac DM, sin@ = 0.35, tan 8 = g =1, my=my=my, =12 TeV CMS Prelimina 36-137 fb—1 13 TeV
T— . = ETSS, h(pF). 139 b — 100——————T——— ' — T T T T !
\ — JHEP 11 (2021) 209 (o)) i 95% CL upper limits i h—baa->pu*u-t 1", 36fb”
+ ATLAS S h—sinvisible, 139 fo O — JHEP 08 (2020) 139
- . PLB 842 (2023) 137963 S = .
I s=8TeV, 20.3 b’ : e & 2HDM+a
: s=13TeV,36.1-139fp".~] — h—aa—-uurr, 20.310 e 80 tanB=1,sin6=0.35 hoaaot 1T 1 1", 360"
I June 2024 T/ PRD 92 (2015) 052002 i 1 ;
-/ 1 yom =1 Phys. Lett. B 800 (2019) 135087
I h—aa—uuuu, 36.1 tb - Ma=My=my-=1TeV
JHEP 06 (2018) 166 B _
< 1 0° i — h—aa—pppup, 139 fo' 60} . h—-aa—-bbu*y-, 36"
[} f JHEP 03 (2022) 041 . - Phys. Lett. B 795 (2019) 398
i h—aa—bbbb, 36.1 fb™ i .
\; L|m|t33195°/CLi . JHEP 10 (2018) 031 i /,/’ | _ 1
eIt At IV.70 VL 4 o + - -
Expected PRD 105 (2022) 012006 _ //((\3/,/ | Phys. Lett. B 785 (2018) 462
— Observed Relic 2,h* = 0.12 i Qo |
i | h —inv, 137 fb"
o0k - Eur. Phys. J. C 83 (2023) 933
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