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Outline

SSM searches

 The Standard Model (SM) currently provides the most accurate and K,

o—i
. . . . . - -l
comprehensive description of the subatomic world, yet it does not R ATLAS Run 2 :
offer a complete explanation of all observed phenomena. Kw TR
* mH, mv, quark and lepton masses and mixings... Kel e ] R e
u Ve | Vu | Ve || U | C |
 matter-antimatter,asymmetry, "dark” content of the universe Kp| -fm - e s
:EZé:Emraant:ﬁ;ner B Force carriers Higgs boson ]|
) K‘T [ H
Ky
. . Kg_ :__..___: —&— B, =B,=0 |
» Several BSM theories, introducing new particles, are proposed to : e L
. i @ {
answer the Open queStlonS. Ky i i Parameter value not allowed )
* This talk is about exotic model searches with a focus on Dark Xzy e
Matter candidates mostly motivated by Higgs Branching results 0.8 1 1.2 1.4 1.6
68% CL interval
 CERN-ATLAS Experiment presents results from 6 different searches Bin.[----7=7=mm=mmmmmmo 1 _
using the full Run 2 data By, | --nnnmenene e | |
0 005 01 015 02
O — Ay -1
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Dark Photon y, cemersozses f

palr proauction y

» Additional generic U(1) addition to SM /‘ "

» Hidden Abelian Higgs Model (HAHM) 7 \ _
f

* Falkowski-Ruderman-Volansky-Zupan model (FRVZ)
fq: hidden fermion, HLSP: stable hidden fermion

« ¥, mixing with ¥ and Z, coupling (kinetic mixing) parameter €

v ek
e ¢>10" =107 : prompt y, decay . f M . HLSP
« expected m(y,) <10 GeV Hxﬁim. HLSP
 SM decays: e
o ¥, D> T £ =e,U \\f

o | )
* ¥4— T77,qq notconsidered. my, < Ny

mfd > My Sp + m},d




Analysis strategy

e electron channel and muon channel _

. Requirement / Region  ulJ-ulJ ulJ—ell]
» e-channel important for m(y,) < 2 m(u)

. Number of uLJs > 2 > 1
* Search for Lepton Jets (LJs) collimated e/us Number of eLJs 0 > 1
L : L muon triggers yes yes
 LJ: highest pT lepton + same flavour lepton in AR = 0.4 clectron-muon triggers e
@ If another flavour in the cone, LJ is discarded. electron triggers — yes
o eld:|n| <1.37 & pT(trk[0]) > 5 GeV, at least 1e and 2 trks eLJ pib — <0.8
pT(trk[0]) — pT(trk{1]) AP(HLI, eL]) - >2
. eLd:pT, , =] — —— |, small for resonance decays <0.8
pT(trk|0]) + pT(trk[1])
Eem;
el J: qu = < 0.96
Eems 4
* SM background from vector bosons and off-shell ys Requement Regon L
. Applied to both leading and farthest eLLJ
¢ at IeaSt 2 LJS reqUIred tO reduce SM bg. Number of EM clusters in eLJ 1
. eLL] mass imbalance <0.8
* Slgna‘l Samples 17 Mev tO 20 Gev Selection on event-level variables
e SM background: Z+jets, it 2elJs, 2es in each ﬁiﬁ;i’z;?ts(ppm(}ev) >§'5
80> m(eL,J, eLJ) >100 m(eLJ, eL)) ¢‘[80, 100] GeV yes yes yes yes  veto
bg from data w/ ABCD Leading eLJ pmb <08 <08 >08 >0.8 -
Farthest eL.J Ry <09 >09 <096 >0.96 -

Nog=Na = (N8 X Nc )/Nbp




Results

NO significant excess of data over the expected background is observed.

* |Improves Run 1 results by factor 50 due to better background estimation
e gray regions: limits are not extracted at regions on SM background resonances
* high mass: LJ reconstruction inefficient due to larger opening angle of the leptons

« for dark photon mass from 17 MeV to 20 GeV, limits set to B(H — 7,7,)
e from 0.001% to 1% for the HAHM model and from 0.004% and 5% for the FRVZ model
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Dark Photon y,  cenverzozsisz

single production

e Same motivation: additional U(1)4

* massless y,

e 3 channels used: ggF, VBF,

Y +MET Y +MET+VBF jets

 ggF & VBF use Hgsm, VBF & ZH use Hsm
e 400GeV < m(Hgsm) < 3TeV




jvar: pT(jo) >60 & pT(j1) >50
& m(joj1)>250 & | An(jy,jp)| >3

& [ Ap(jo,J) | <2

Analysis strategy

» isolated y + MET + jets & leptons
 VBF: 10SR (mjj, mT), 4CR (Wey, Wy, Zvvy, e-y)

* beware of jygr definition

_ _ _ Channels VBF ZH goF
 Dominant Bgs: W(e/u)yj Z(vv)yj .
| | Trigger E;™ Lepton(s) Photon
« /H: BDT for Si-Bg separation Photons =1,C, > 04 =1 > 1
e additional selections E} [GeV] € (15, max(110,0.733 x m)) > 25 > 150
* no b-tagged js E7™ [GeV] > 150 > 60 > 200

o Myp, > 100 GeV Jets 2 or 3, mj i > 250 GeV, IAnj1j2| >3\ <2 <1
. Agb(ErTmSS,pT(ff}/)) > 2.4 N, M, < 0, A¢j1j2 <2, Cj3 < 0.7
_ _ _ Leptons =0 (e, p) =2, SFOC =0 (e, u, 7)
* Dominant Bgs: Z] & 2y my, € (76,116) GeV
* ggF: Disc. variables m ;: and my in SR and 4/CRs BDT scoreand 1 CR ~ E™*
 additional selections

. Ad(y, EMSS) > 0.4
.+ |Az, | <250mm

miss

» Dominant Bgs: real or fake ys my(y, Ep) = \/ 2E1Er [1 — cos(¢y - ¢E¥“SS)]’

2
.+
I'Ci =exp[_ 4 (nl _ 771127712) ]

2
(ﬂjl—ﬂjz)




Dark Photon y,

Results

NO significant excess of data over the expected background is observed.

ATLAS —e— Observed limit (95% CL)
. Expected limit (95% CL)
Vs =13 TeV, 139 fb" [0 Expected limit +10
SM H-yyq [ Expected limit +20
Obs. Exp
ZH channel- * 2.3 2.8
VBF channel- ' 1.8 1.7
Combined|- ° 1.3 1.5
MR L (A A i AN SN STENET AT BN ETENEN I SNEN AN A
0 1 2 3 4 5 6 7 8

.« SM:B(H — yy,)< 1.3% @95% CL
« BSM: for B( HBSl\/l — VY4 )=5%, m(HBSM) <1500 GeV @95% CL

95% CL upper limit on B(H=Yyyq) [%]
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CERN-EP-2024-128

Dark Matter

MA = mH = mH=*

Dark Matter

. Pﬁ)?TM\?V APl =AP2=A3=3,gy=1
MET+V signature, hadron only channel ==1-5Te .
g
t VA
 Motivation from 4 distinct models t -=- . <X
b t a >

-(a)Axion-Like—ParticIeS, 2HDM (+pseudoscalar)( ) g "
{Chnvisible Higgs decays, Simplified DM (WIMP)(F) q, @ q B X

e Signature: MET+V, V=Z,W z

 |LHC DarkMatter Working Group recommended

parameters and scans used

ey
x|

* |low pT: resolved jets, high pT: single jet w/ sub-structure “ @

m( Z'via) =100 GeV to 1.7 TeV

 Dominant Bgs

m( Z'via) =2m ()

° vvj erj We/ ,uvj

o ft, dibosons




m
:  Analysis strategy
=
®
=
<
®
o
* V boson hadronic reconstruction
Merged Resolved
e using both merged & resolved jets | ~ Datacleaning
Primary vertex with at least two tracks with pt > 500 MeV
. . . No 7-leptons
* No leptons in SR, only in CR Preslecton > 30GeV
_ min; (A¢(E5>, ji)) > 20°
' MISS qj i Ap(Emiss, pmiss) < 90°
® . . WARS W) ,
Object based E;"™" significance S, em-, — o > 120
. . E]“E"}SS > 250 GeV > 200 GeV
* based on cov. matrix & corr. factors Iin > 17; <4j > 2j; <4j
: : : : _ Jets py > 200GeV ~ py >45GeV
Longltudlnal & Transverse directions: b-tagged track jet veto outside J > Pi > 120(150) GeV for 2j (> 3)
: Vit High purity: mass and substructure Ad(j1,j2) < 140°; AR(j1,j2) <1.4
E ,ITmSS tas Low purity: mass and inverted substructure mj ;, € [65,105] GeV
S = ’ 9 1/2 SR CR2mu CR2el CR1mu®b CR1mulb SR CR2mu CR2el CR1mu®b CR1mulb
[O-L(1 - P LT)] Trigger E,‘l’iﬁss E;‘,‘iss Electron E}niss E{f‘iss E%‘iss E,‘}‘iss Electron E{E‘iss Efl?iss
e 0 0 2 0 0 0 0 2 0 0
L 0 2 0 1 1 0 2 0 1 1
S > 8 - - - - >8 - - ; ;
mee [GeV] - € [66,116] | € [66,116] - - - € [66,116] | € [66,116] - -
. . . . . mﬁv [GeV] - - € [30,100] | € [30, 100] - - € [30,100] | € [30, 100]
® Npe 0 >1 -
Likelihood fit for bg estimation _ S




: Result
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& No significant excess of data over the expected background is observed.
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(- - . . [ | Expected limit 1o = S - m=my=my., tans=1.0 - S - m=my=my., tans=1.0
= - Axion-like particles o . m 95% CL limit | 95% CL limit |
2 0.7F m=1Mev L Epectedimita2a o s : o s 1 Benchmark scenario 1: 2D
o) - 95% CL limits A R ) | scans in the ma-ma, plane,
O — o N - ool | 1 assuming tanf = 1.0 with

1000_ { sin6 =0.35 or sin6 =0.7
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500 B Expected limit +1o — 500 et 0000 Observed limit (16" ale) ]
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o | ATLAS - Expected limit | o | ATLAS - Expected limit |
S, 800 (s = 13 TeV, 140 fb" SEiS5S Observed it (1™ | S, 800 /s =13 TeV, 140 fb" ZEE Observed Mkt (w105
° O Ex B - ! [ Expected limit +1c - Sx - = ’ [ Expected limit 1o -
E; H ) < : - i [ Expected limit +20 - - Axial-vector mediator model [ Expected limit +20 -
o M . B O 3 4 @ 9 5 / L V?Ctor med.lator model ——= Relic density, @h° > 0.12 . . ——— Relic density, Qh*>0.12
n lnv ° < L] O - Dirac Fermion DM ATLAS Vs = 13TeV, 36.1fb™" - Dirac Fermion DM ATLAS Vs = 13TeV, 36.1fb"]

600_gq=0.25,gx=1,gl=0 — 600_ gq=0.25,gx=1,gl=0 —

* ALP: for ma=1MeV..1GeV, Limit in cw-fa plane T ;

« 2HDM-+a: example Limit in mA-ma plane for ! 0o
fixed tanf3 & sinB 200:

« SDM: for vec. & axial couplings in mx - my plane — 3 SR 3
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* Motivation: Additional dark SU(2)

Dark Mesons [emmsms0sss
decaying to t and b :

Strongly coupled Dark Matter, QCD-
like dark sector

Stable dark scalar baryon as DM
candidate

Stealth Dark Matter

e 0SU2. > oSU2R

2 new particles are considered

pseudoscalar triplet of dark pions, 7p

» vector triplet of dark mesons, op

» 3 free parameters

m (ﬂD) m (/OD) Nbcolours =4
300< m (p) < 1200 GeV

Nnbo= m(zp)/ m (op)
0.15<nNp <0.45

* pp 27D

eocglCND

2

F .0
TpyTp

10

or mj, my) [pb]

0
D

o(pp 2w n

WA

N\

N\

Dark Pion production

p

| I | | | I | | | | |
ATLAS Simulation =
s=13 TeV, SU(2)_gaugephobic
MadGraph5_aMC@NLO

| IIIIII|

nD=m“o/m
— nD=mnD/m
—_— nD=mnD/m

T T T ©

e nD=m,tD/m
Resonant

IIIIIIII I llllllll [ IIIIIIII [ Illlllll [ lllllll|

| | I :“ | | l | | | | | | | | | |
600 800 1000 1200
Dark pion mass [GeV]




Analysis strategy

. . S 10. ATLAS Simution & 45 | S 10 ATLAS Smuaon & -5 -
(Gaugephobic decays are considered R |
"fia 1— —_g 1| essssessssssnenensnenanenan st e B
Degays to SM particles ——— — —5 101_\ _E
 High ip mass: decaytot&Db 1 F :
 Lowmp mass:decaytob,c&T 102 3 102 F\\ :
: - ;
 Channels & Dominant Bgs SR S N et A & T

, _ 200 400 600 800 1000 200 400 600 800 1000
e All hadror"C: MUIthJetS n mass [GeV] wt mass [GeV]

« 1 lepton: ¢ HF, V+jets

e Reconstruction

| | Variable All-hadronic channel One-lepton channel
e dark pion as a large-R jet (R=1.2): LJ N (baseline) 0 1
ep
e  Preselection based on Nj, NI,HT Niep(signal) - 1
: : Niets(R =0.4 > 6 >5
* All hadronic: 8 to 10 jets w/ >=4 b-taged jets _ )
Niets(R = 1.2) > 2 .
*  muo > 300 GeV mpy1 > 250 GeV Npjets > 3 > 3
* Moo/ PToo>0.25 && AR( j, b,)<1.0 Hy > 1150 GeV > 300 GeV

* 1 lepton: 5 to 7 jets w/ >=3 b-tagged
«  AR(t, b2)<2.7

angle between the lepton in the event and the second closest b-jet to this lepton

mbb,minM > 1 OO Gev invariant mass of the two b-jets in the event that are closest to each other




Results

NO significant excess of data over the expected background is observed.

- - S [ atLas | seweswe. ] B | aTLAaS  Aiimssesect
 Dark pion exclusions S o[ ATAS wowsse | & | arias M s
L I+l-go E One-lepton,channel --- Expected Hko E One-lepton7channel -~ Expected
PY SU(Z)R _ no-t SenSItlve due tO IOW E N\, SU(2) gaugephobic, n_=0.45 .::::::: ::; E ~  SU(2)_gaugephobic, n_=0.35 -::::::: z:;
| | | | o 1— . eo o . eo
production cross-section TR e e
H 0O +
. B B
* 1-lepton channel fully covers all hadronic results o T
o o
e 17 =0.15excl: <315 GeV ° ® L
= 0.45 - = 0.35
e 17 = 0.25excl: <740 GeV D : D
_ . 10300400500 600 700 800 900 1000 1100 1200 300 400 500 600 700 800 800 1000
° nD T 035 EXCl . < 720 Gev ch’ 0'45_| SRR T L ol Dark pion mass [GeV] Dark pion mass [GeV]
e 1y =10.45excl: <940GeV & [ ]
IID 0.40_— ]
= R _
0.35/— -
R Al limits at 95% CL  ~
= —— Observed —
0_30__ === Expected *1o0 _
R Excluded region |
R - All-had. exclusion
N Phys.Rev.D 105,
0.25 N (2022) 015008
R ATLAS ]
0.201— {s=13TeV, 140 6"
N One-lepton channel i
s SU(2)L gaugephobic N
0.15_ 'I 1 I L1 1 1 I L1 1 1 | L1 1 1 | | I L1 1 1 I_

) 300 400 500 600 700 800 900 1000
Dark pion mass [GeV]




also the SUSY-LLP talk
a Neutral LLPS CERN-EP-2024-181
E  Motivated by: SuSy, HiddenSector, AxionLike Particles, DarkMatter...
* Neutral, lifetime long enough to decay after a few cm to ~10 m
* No signal in tracker, decays hadronically in or after EMcalo, small EM signal.
 define CalR = En/ Eem
 3-Channel search: CalR +2], CalR+W, CalR+Z
e Dominant Bgs: SM multidets, W/Z+jets, t¢, singleTop
Cosmic & Beam bg

CalR 2; ’ ]

CalR Z / CalR Z g CalR 7z

CalR W s . ’ CalR W i /
q S b q g g 7 ) q

8 a - d//
N Wi, §¢ .
b
v 2% v {/v &ZHH
q q g 14
V — Z, W \g \K
® = scalar boson a=ALP Z,: Dark y ;

S=LLP

pair production single production single production




:  Analysi
¢ Analysis strategy
—
—
[
= Selection | CalR+2]J
% Trigger | Satisfy CalRatio trigger
_ Number of clean jets | > 3
e Selection  ZARwn | >05 |
Trigger matching | At least one signal candidate
 per-jet NN to discriminate signal-like jets, BIB-like jets & | Signal/BIB jet candidate time | —3ns <7 <15 ns
SM multiiets Signal/BIB jet candidate log,,(Eu/Egm) | > —1.5
J Signal jet candidate n | ¢ (1.45,1.55)
 per-event ML selection signal-bg seperation NNGar+27 ;ZR —
: Region A min > 0.
» SRs covering T | NNcaraar 2 7.61
e Pair of LLPs decaying to jets
° Sing|e LLP + Z/W Selection | CalR+W WALP CalR+W low-E CalR+W high-Et
Pair of || P 2 /W Vector boson candidates | 0 Z, 1 W 0Z,1W 0Z,1W
¢ ailr O S + low-E igh-E
et (]::D}“gcor)e B]:iTg;;W > 0.82 B])nga";R+gV >0.92 | BDTRERET > 0.89
® J 0g10\EH/LEM) | > > —
Chan nels jsigle po | > 70 GeV > 60 GeV > 100 GeV
° Ca|R+2J Lepton p1 | — > 40 GeV > 60 GeV
| | A¢(lepton, ) | < 1.5 - -
* 1 displaced+2trackless jets Region A BDTAL® "> 0.975 | BDT "t > 0.985 | BDTL8:ET > 0,09
 ABCD method for bg estimation > ARpin > 1.1 > ARpin > 1.4 2 ARmin > 1.1
e HS models
e CalR+W
_ Selection | CalR+Z low-ET CalR+Z high-ET
e only 1 lepton, >=1 trackless jet w/ pT>40GeV Vector boson candidates | 1 Z, 0 W 1Z,0W
« BDT for 3 regions: ALP, m®<200, m®>200 | BDT score | BDTgt score > 0.6 | BDTpe T score > 0.7
jSIgw loglo(EH/EEM) > 0.8 > 0.8
> :
 CalR+Z jsigle po | > 80 GeV > 70 GeV
e 2 OS leptons, >=1 trackless jet w/ pT>40GeV Lepton pt | > 701(?:)5/ > 62}25\;
BDT.. o % score > 0.99 | BD T score > (0.985
. : - : : CalR+Z CalR+Z
HS,ALPZq4 : BDT for 2 regions: mo<250, mo>250 Region A > ARI;;Z 0.9 > ARmin+2 )




Results

Neutral LLPs

2 10

NoO significant excess of data over the expected background |

S OD

SC

nved

2 S L T | YA 7V R
g 1= =
® X - -
o) = =
* exclude B(H—2S) > 1% for LLP decay len. >30cm & <4.5m 5 F DN :
= 10°F L E
e ALP +Z/W £ F msen s
£ 103k — (125, 5) GeV, €7y, =0.10 m ATLAS —
L - = - -1 3
* exclude oprod >0.1pb for decay len. >10mm & <10m. S T mnaman o asom o T
210 ’ ’ en . serve _
= — (125, 55) GeV, c1ye, =3.50 m -=+ Expected =
° _: s :
Zd +Z %10-5_3. ol — ol vl il il 4]
he yel 10° 10° 10 1 1 1 3
« exclude Oprod >0.1pb for decay len. >20cm & <50m. “Gidires 7 ° e ool
'_g- 105 E = 10; | | by | | ] | ji
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q i i a - , , -
. E E X 15§ . \ S 7 E
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c 10 'L _ - n \ZAN -
o = = O i . C P
= - 3 = 107 F E
E 102k § E | 5
E’_ : g 102 WALP —
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veCtOr Like Leptons ATLAS-CONF-2024-008

VLL

* Motivated by: 4321 model, SU(4)xSU(3)'xSU2).xU(1)’
* Lgs (U1), 3 new gauge bosons, vector-like leptons (E/N) and quarks (U/D)
 VLL: possible solution to hierarchy problem

o Earlier StUdy by CMS 2.80 excess MyiLL~600GEV Enys. Lett. B 846 2023) 137713)

 This study on E & N pair production.
e /' G' pushedto 100 - 5 TeV scale, irrelevant
« m(Us) ~ 3.5 TeV, coupling to 3rd gen. fermions only BR(U, — bt™)= BR(U; — U,)=0.5
 m(vrL) ~ [200, 1500] GeV free parameter

» Dominant Bgs: tf, Z/W+jets

T focused search



https://www.sciencedirect.com/science/article/pii/S0370269323000473

Analysis strategy

T AN A e e e .. \ .
I - NSS40 oy
—> | E7™ > 200 GeV ' Ep™ trigger
S - - - ! decision

| f
0¢ + >=1 Thad - SR & CR > | Io;li;a-ﬂ-. 1-1)-/- > 100, 1.-1(,).-1;JJ-(;:\'-'—> :TE":;‘:‘.“'(”(-];M} - 111“':—> ’ nlgh?‘f“?
. . . P S ) riggered object trigger decision
o different trigger "bucket"s to max. sensitivity L Ve e - . |
o L_p ¢ Leading 7j.q pr > 40 GeV
e decision tree for ! Sub-leading mjpq pr > 30 GeV e e . -
I ' ' i : 1 Leading jet pp > [45, 80] GeV ' Two 7y,,q matched to Di-7},44
) MET, SIngIeTaUTrlg, DITaUTrIg., BJTrIg I Sub-leading jet pr > 45 GeV'* : - : the trigeered objects :_’ trigeer decision
>= 1{ : Scale and Validation regions | AR(MadMaa) <25° ! cmmmmma- - L .
o . — Event passes selection A " 2017 and 2018 triggers ,
NN based ClaSS|f|Cat|On --» [Event does not pass selection Tttt TTmTmmmT —= =TT T TS
e training with kinetic variables J Laght-lepton selection e —> [ P
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Results

NO significant excess of data over the expected background is observed.

Shape fit over NN score distribution
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Summary:
NO significant excess of data over t

e X

\easurements so tar consistent wi

Next:
NVore analyses are being finalized,
\]ore results soon...
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Thank you for your attention
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pDected background Is observed.
N SM expectations,no evidence of new physics yet.
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