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&I.!TnﬁNST BSM Searches

THE QUANTUM UNIVERSE

The Standard Model (SM) leaves many ) = R R
guestions unanswered - &
Plethora of beyond SM models (BSM) )
Only few observational hints Ag

.. “:‘*'"-'."“"’ \.‘I . = m = G
Run 3 will present more opportunities Lo | e QB2 I ©
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ATLAS

EXPERIMENT

Exotics and BSM Searches in ATLAS and CMS

ATLAS and CMS have a rich and very active exotics program of searches
* Publicresults webpages ATLAS Exotics HDBS CMS Exotics Preliminary B2G
... only a select few here highlighted to show breadth, focus on full Run 2 results, more coming
* Run 2 (2015-2018) collected ~140fb™! of pp collision data at \s = 13TeV recorded in Run 3 has started!
* Pushing mass limits and precision

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary e, i BTt

Status: July 2022 [Ldt=(36-139)fb! V5=8,13TeV s o st e e
miss . - et
Model Ly Jetsi ET™ [raqm) Limit Reference : S
T T T i S -
@I ADD Gi +g/q Oepry 1-4] Yes 139 |M@ 11.2Tev. 10210874 5 — e sean
% ADD non-resonant yy 2y 36.7 Ms 8.6 TeV. 1707.04147
ADD GBH - 2j - 139 M 94TeV 1910.08447 " = rreT
§ | ADD BH muttiet - =3 - 36 [Ma 955TeV 151202566 = v
£ & 2y 2T 58 |cmass 45TV 0o 13405 :
BUKRS G » WW/ZZ  multchannel 36.1 [ Guocmass 2370y 1808 02380
£ sukns G W Slag e 139 | Guxmass 207TeV 200414636 .
BUK RS goc — Teu 361 |macmass 38Tev Tim" 15 ‘80410823 :
W ouep/reP tep 36.1 KK mass 1.8 TeV. Tier (1,1), BAY - #) =1 1803.09678 .
sMZ/— i 2en T i |z 51Tev 1903 06248 : e
SSMZ o 27 - - 361 |Z'mass 2427ev 170807262 H
Leplophotic 2/ — bb 7 361 |z mas 21TeV’ 100509260 : =
Loptophobic 2/ — tt e 139 | Zmass aaTev fim=12% 200505138 g
SSMW’ Ten - 139 | Wmass 60TeV 1906.05609 H
SSM W’ — 1v 1T = Yes 139 W’ mass. 5.0TeV ATLAS-CONF-2021-025 .
§ SSM W’ = th - 210,21 - 139 | W mass 4.4 TeV ATLAS -CONF-2021-043 .
HVTW S WZ o fvagmodel B Ten 20110 Yes 139 |Wemass 43TeV o= 0041463
& WTW W2 0{fmodC 3y 21(VBR) Yes 139 |Wemass 340Gev B =15 =0 ATLAS CONF 302205
HVT W’ - WH bbmodelB_ 1eu 12b1-0j Yes 139 W’ mass. 33TeV v =3 002:
HVT 7/ 'ZH — f/whbmode B 02,4 126,1-0] Yes 139 | Z:mass 3270V a3 220700230 .
LRSM Wg — uNg. 2p 19 - 80 Wpg mass. 5.0TeV m(Ng) =05 TeV, & = g 1904.12679.
Claqaq - 2) - a0 |a 218TeV 1, 1703.09127 .
= Clflqq 2en - - 139 A 3BsBTN. . 200612946 L4 o
Gl cebs 2¢ 1o - 13 [A 18TeV £=1 210513847 8
Cl pap 2u 1b - 139 A 20Tev 2105.13847 .
Gl Sep >1b>1] Yes 381 |A 257Tev 181102005 :
Axial-vector med. (Dirac DM) Oepry 1-4j Yes. 139 Mg 21TeV 25, g,=1, m(x)=1 GeV' 2102.10874 L4
E Pseudo-scalar med. (Dirac DM) O e,7.y 1-4]  Yos 139 | ies 376 GeV' a1, m{y)=1 Gev 210210874 H B I —
Vector med. Z'-2HDM (Dirac DM) O e, 2b Yes 139 Mg 3.1 Tev B=1, 8208, m{y)- Ge 2108.13391 . SN 07 040 0 P
Pseudo-scalar med. 2HDMsa__ mult-channel 139 | s 560 Gov. it ATLAS CONF-2021.036 - e
Scalar LQ 1* gen 2¢ 22)  Yes 139 Lo 18TV 2005 05872 =
Scalar LQ 2% gen 2y 2] Yes 139 |tQmass 1.7TeV 2006.05872 . =L
o | Sclar Q3 gon i 2o Yos 139 [LG 127eV 210607665 g
S Scalar(03% gen Oeu  22,22b Yos 139 [LOfmass 124TeV 2004.14060
Scalar LQ 3" gen s2eq >t >1b ~ 139 mass 1.43TeV. 2101 11562 .
Scalar LQ 3 gen Oeu>170-2,2b Yes 139 1 mass 126 2101.12527 "
Vector LQ 3¢ gen i 2b s 139 | oY mass 1.77TeV. 2108.07665. :
4 S T
VLQTT - 2t X 202u>0eu 21D 21] - 139 |wmass 14Tev ATLAS CONF-2021.024
Lo vioss - WyZb+ X mult-channel 361 | Bmass 134 TeV 608.02343 .
TS VIO TosToslTos = We+ X 2(89)23 e4s21b.21f Yes 361 | Tawmass 1,64 Tev .1 16 £
VLG — Ht/Zt Te, 21b,23] Yes 139 T mass. 1.8 Tev ATLAS-CONF-2021-040
VLQ Y - Wb lep 21b=21] Yes 361 Y mass. 1.85 TeV. 12.073¢
VL B - Hb Ocu 22,2121 ~ 139 |Bmass 20Tev ATLAS-CONF-2021-016 "
VLUt — Zt/Hr muliichannel  =1j  Yes 133 |’mass 898 GeV SU2) doublet ATLAS-CONF-2022:044 : an
3 g Excited quark ¢° — g - 2) E only u* and ', A= m(q") 1910.08447 —— om
Excited quark g* — qy 1y 1] > only o and d", A = m{q") 1709.10440 iz waw
| Excodquark b by Yoaehy o otb0T
S 5| Scononr PP o~ o ... e
Excited lepton »* 3eut - - A=16TeV 1411.2021
Type Ill Seesaw 234epn 22j Yes 139 N® mass. 910 GeV' 2202.02039 l
LRSM Majorana v 2u 2j 361 [ Ngmass 327TeV m(We) = 41TeV, g = ga 1809.11105 i = b
L HiggstripletH*t o WHWS 234 e(SS) varous  Yos 139 [ HEmass 350 GeV. DY producion i i — ! snms it o
S Higgs triplet H** — (¢ 234eu(SS) - = 139 |H*mass 1.08TeV. DY production ATLAS-CONF-2022:010 3
ity S s L Ly : e
ulti-charged particles. = - - 139 | muli-charged partile mass. 159 TeV. DY production, g = 5e. ATLAS-CONF-2022.034 & ey
Magnetic monopoles. - - - 344 ‘monopole mass: 2.37TeV. DY production, lg| = 1go, spin 1/2 1905.10130 . . an 4t
ﬁ Vi=13TeV  VE=13TeV L L L ‘ sic
al o T wa
partial data  full data 10 1 10 Mass scale [TeV] e s it i J— tewes oz
Only a selection of the available mass limits on new states or phenomena
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Small-radius (large-radius) jets are denoted by the letter j (J).



AR New Gauge Bosons

Heavy charged and neutral gauge bosons (W' and Z’) in theories with extended gauge sectors
(technicolour, Little Higgs, composite Higgs)

( SSM 27 — ¢ _ 2eu - - 139 _ 190006248 )
SSM Z’ — 17 27 = - 361 1700.07242

Leptophobic Z’ — bb = 2b - 36.1 1805.09299
Leptophobic Z’ — tt Oen 21b,>2J Yes 139 I/m=12% 2005.05138
SSM W’ — ¢y Teu - Yes 139 1906.05609
SSM W’ - 1v 17 = Yes 139 ATLAS-CONF-2021-025
SSM W’ — tb - >1b,>1J - 139 ATLAS-CONF-2021-043

1
HVT W — WZ — fvgqgmodel B 1 e,u 2j/1Jd Yes 139 gv =3 2004.14636

HVT W — WZ — tv ¢’ model C 3 e,u i (VBF) Yes 139 gven=1,8=0 ATLAS-CONF-2022-005
HVT W’ — WH — ¢vbbmodel B 1e,u 1-2b,1-0] Yes 139 gv =3 2207.00230
HVT Z/ —» ZH — tf/vvbbmodel B 0,2e,u  1-2b,1-0] Yes 139 gv =3 2207.00230

k LRSM Wg — uNg 24 14 e 80 m(Ng) = 0.5TeV, g, = gr 1904.12679

Z, narrou rescnance ¥ — 191204776 (23} 137!
2o, namoures ¥ POIEE  uTeau 137
ssMzin N s o=siasi) 210302708 IM_ 140!
SSMZ1adl ] s =200 191103947 2j) 137171
Zigd) ¥ oo 190510331 (1], 1y} 36 fb!
SuperstringZ, ] PO e 210302708 (2,200 1407
LFVZ, BRley) = 10% ] T T ——C A 2205 06109 {op) 137 7!
LFYZ, BRler) = 10% X o= 220506709 e} 137!
LV Z, BRlr) = 10% ] 2= 220506709 () 137!
Leptophabic Z ] T sy 100904104 2j) 78 b7}
SSMWit gl M 202060751t +p’."‘_ 137!
SSMW(m) ] [l Ms-PAS£X0-21-000 h*ﬂ"‘<:| 1377
SSMWgl M 191103947 2)) 1371
LRSM Walgha), M, = 05M, ¥ 211203949 (24 ) 36 fp-!
LRSM WaleMa), My, = 05H, ¥ 211203949 (2e +2) 36 fb~!
LRSM Waltha), Mg = 0.5, ¥ 1811.00806 (27 + 2j) 36 fb~!
Axighuon, Coloron, cetf=1 N [ GEEEE 191103047 2)) 13717
i i i i i 1 i i i i i i i i 1 i i i i i i

01 10 100
Selection of observed exclusion limits at 95% C L. (theory uncertainties are not included). mass scale [TeV] ICHEP 2022 4



Heavv Gauge Bosons: 7’ EXOT-2018-08/  [@
ATLAS . y g CMS-EX0O-19-019
Dilepton Resonance Search

EXPERIMENT

140 fo' (13 TeV) " _

Z10%k ! T Sl i 3 100 ATLAS 3

Search Channel 81075 NR | SR ég,?iww CMS = 10 {5 =13TeV, 139 fo" 3
~ F iy ~ 3 -=

2 10%F E, tW, WW, WZ, 22, 1t 2 10

Decays to 2 electrons or 2 muons 59t [Jets 2 0 e

i 103; []Total Background (NR) 0 =

H 10°F — Gy, WM, =0.05, M =3.5TeV « Dala E

+ Very Clean Slgnatures 102: o Zsg M =5TeV —ga;kgmund-nnlyfil =

1 -=-- Generic signal at 1.34 TeV, I'/m = 0% 7;

+ good to search for other new 10“1? fo - - e sanala Tev.rim- %
ice: 7 i i op L 3 f ]
physics: Z', Extra Dimensions 193 T S etk
18:? o it = 3x10? 10° 2x10°  3x10°
{q = g A — —T ] _ _ Meo [GoV]
I — ~yiii==d  Functional form fitted to invariant-mass
:t; ;177|0Ii(110 260 360 — l1‘0|00 ZO'IOOl . .; :ﬂ A generic Signal Shape

137 o' (13 TeV, ee) + 140 fo' (13 TeV, up)
TR Y B E 2 0 @2 BT EE8 (&8 00 1 &9

7 e T Limits applied to spin-0, spin-1 and spin-
8 107 ceeees EXp, 95% CL limit, median 3 2 Slgna| hypotheses
% .. B Exp. (68%) b —
i et a 102 |:|Exp (95%) 3 Lower limits on m A [TeV]
. Model ee o a4
Search for deviations N S : : obs exp | obs exp | obs exp
in invariant mass £ F ATev: 4y A1 84D 4075 4d
- _— Z 46 4.6 | 42 42 |48 48
E o o | N 1 N |- P T ST L f,
o0 2000 000 4006 B Zoo |49 49 |45 45|51 51




ATLAS Highest invariant mass (2015—2018)

m,. = 4.06 TeV m,, =2.75TeV

ATLAS

EXPERIMENT

E;=2.01TeV, E;=1.92 TeV pr = 1.82 TeV, p; = 1.04 TeV,



EXOT-2018-35/

Lepton Flavor Violating Z decay — 2oroozs pATLAS

EXOT-2018-36/

» Lepton flavour is an accidental symmetry in the SM N 4
» Often violated in BSM theories Zerfuy S
« LHC is a Z machine: ~ 8 billion Z's in ATLAS in Run 2 7

7 — etuT  No excess is observed T

. Upper limit on Branching Fraction © Néutrino oscillations show that
« Search for peak around Z mass (Z—ep)<2.62x10~7 @95% C.L. LFV indeed occurs in nature

* BDT to suppress backgrounds

T a— | | _ > Most stringent limit to date upp?_r 9_t5% CL RS P
S‘ | ATLAS . i (05 2000; ATi.AS T T T T T T imits
g | buslev e ] = 1800E 13 Tev, 130! e Da BZ—>eT) 8.1x10¢ 9.8 x 104[OPAL]
GC) | Post-Fit ] _g 1600_. = Total Background
Lf] ;gala‘ﬂt i ] © 1400 E“ - Non-resonant
3 Non-resonant {12005 o Zospp _ BZ—>pT) 9.5 x 10 12 x 10+ [DELPHI]
.-lzj_:ctfiaimy i 10002_ iy _— ;stngmlt Lh;zn’gothellcaf)
T attmit o i 800E i
. 600 : :
] 400 Z->ep NN used in analysis
] 2085_‘*“‘“"‘ e il T Tow Ve Set current most stringent upper limits
: L 1.2 ‘ ‘ 3 i imi
g 1 ~ 1 K o«mﬁfﬁm--i*#ﬁf#--++++§+--+---+#§ on BR Z—11, previous limits by LEP |
s L OeeEe000,%590a0%5g® 0 5uee®0 Pge 0000,® : a 8:3 + ' ++ 3 ==> thanks to |mproved tau ID and lumi
R -05 0 0.5 i 67580859095 700 105 110 * Primarily limited by statistics 7
BDT value My, [GeV]
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ATLAS Di-lepton Ratios

CMS-EXO-19-019 EXOT-2018-29/
« Resonant and non-resonant di-lepton final states ¢ Measure ratio of e+y- to e-u+ pairs
with high mass in many SM extensions (ex. Z', LQs) p =o(pp — etu— + X)
« BSM physics can cause R to deviate from unity o(pp — e—u+ + X)
R, syt ve - = do(qq—p+p=)/dmy, *p<1atLHC (ex. W* — u+v + jet — e~ fake)
do(qq—e+e=)/dmy, * p > 1 induced by BSM physics, ex. RPV-SUSY, LQs

137 fb" (13 TeV, ee) + 140 fo' (13 TeV, L) pp - e uc, via scalar leptoquark S,
T T T =

() 5 T T T T T H LI I L2 ) LA SEL L) T A
© M '@ 18 ATLAS < Data = 3
oL CMS 4 = F Vs=13TeV,1391b™ 1 °x09 -
Em*:ke o 16— = w5 :
~ 15— — E 14— - 3”“: 0.8 Q,b _:
‘ i i F 1 or -
mg | combined IS * E 5 7 3
T & o ] 3
o | =
m:. 1: Tt v vy + ] 0.6 -
| | 0.8 \ — 056 =
- 4 Vs=13TeV, 139 " 3
05 | e 0.4 Al limits at 95% CL =
© 05F ¢ % ¢ & & ¢ T 3 R T S T T T 03 == Expected Limit (+15,q) E
L ] © 04r . = == Observed Limit (+1c,,,,,) -
& 03r- . B - R HERA, Phys. Lett, B 701 (2011) 20-30]
| 2 %21: ] 0.2 ATLAS, JHEP 10 (2020) 112 =
. : 3 ' ' e L . ool oo T N
200 300 400 1000 2000 [80(\’/% L - P, 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000
© 5388 538 333333 m(S,) [GeV]
° 8 ¥ e s T " o T T Exclude scalar leptoquarks
2 1Ge L [Te
SRMET SRJET masses below 1880 GeV 8
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ATLAS-EXOT-2018-30

ATLAS Heavy Gauge Bosons: W’ cerasooiso

ATLAS-CONF-021-025

W' - £v decays

In the transverse plane: lepton back-to- W' = tv decays
back to missing transverse momentum

B L R I a—
138fb-1(13 TeV) . ?C’:Blfb, r(1,3,T|e\,’) ATLAS Preliminary

g

10° ‘ l ‘ | | : : 3 I e e L e m e e  SSLN B a = s 4

it y = s=13TeV, 139 B

CMeSFpmiss W W boson { Data =3 CMS ik N o SSNLW BNLO = Wisgm — v 95% CL limits
% 10 T top Syst. uncertainties | N . e/}.l.+p_|_ T 10 = Observed -
G) mmm Diboson  —— SSM W', M = 3.8 TeV © 10 - 95% CL upper limits s - - Expected E
0 = QCD —— SSM W', M = 5.6 TeV = Observiad = iy A
N " al = 1 Bt ic _=
1o 7y 107 ---- Expected @ *20 3

v = X i r 3
b= 102 L .+ 1sd. [y 1 — Wssm
2102 E +2s.d. ><+ 10° - + 1o =
= < .. —ATLAS rv[36.1fb] ]

10E = 1072 .. PRL 120 (2018) 161802_|
A0 E T E
1E jo %
10° g % 10°%
107
107 10_z:..|E.,.|...J|....\,...l.\.,|.. 107 =
1000 2000 3000 4000 5000 6000 F =
Mk | My, (GeV) osl—

5 6OF T T . T 3 500 2000 4000 6000
gl ] S | del bed: My [GeV]
ook o 1 everal moaels proped: w
g -4.0 1

O e SSM, split-UED, RPV-SUSY, EFT W'—1tv production cross section

W' boson mass less than 5.7 W' bosons masses up to 5.0 TeV
TeV is excluded at 95% C.L. excluded at the 95% C.L.
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CMS-PAS-EXO-19-017

e Other BSM searches: W’ w' thdecars

ATLAS-CONF-2021-043 &

Set limits on other models: e.g. Extra-dimensions: split UED, RPV SUSY

First LHC results on a SM precision test :
determination of the oblique electroweak gw- parameter

Extend existing constraints on composite Higgs scenarios using results
with those from the direct W' resonance search

First experimental exclusion on compositeness parameters using results
from LHC data other than Higgs boson measurements

Exclusion limits in the 2D plane (1/R, n) for the

5 — ,1?’§fP"I(1,3,T?V) split-UED interpretation for the n=2 case
o) - CMS 1 \ 138 b (13 TeV)
~ - iiss . o U e LT N N O VL L LT (R

2 e+p] o> CMS g
(@] 1 s i g - JJ'_]_p‘r:iss

E E = r 95 % CL upper limits

- * [ —— Observed

e . B | === Expected |
107 95% CL upper limits | FH :1s0. E

5 Observed 7 C +2sd.

N Expected ] -

B I +1sd. 7

+2s.d. 7 i
10—2 __| 1 I 1 1 1 1 I L 1 Il L i 1 I”'“I""”I'“"l‘I !-OI $SIM WI 1 1_? 102 =
1000 2000 3000 4000 5000 - 3 10
M, (GeV) tracey.berry@rhul.ac.uk LHCDays2022 500 1000 1500 2000 2500 10

1/R (GeV)



Extra Dimensions

ATLAS Heavy Particle Searches* - 95% CL Upper Exclusion Limits ATLAS Preliminary
Status: July 2022 [L dt = (3.6 -139) fo! V5 =8,13 TeV
Model 6,y Jetst E™* [rai[b] Limit Reference

ADD Gkk +g/q Oeuty 1-4] Yes 139 n=2 2102.10874
ADD non-resonant yy _ 2y B - 36.7 n=3HLZNLO _ 1707.04147
ADD QBH - 2] - 139 n=6 1910.08447
ADD BH multijet - 23] - 3.6 n=6, Mp =3TeV, rot BH 1512.02586
R81 Gkk — vy 2y N = 139 K/ Mp = 0.1 2102.13405
Bulk RS Gk — /122 multi-channel 36.1 k/Mp = 1.0 1808.02380
Bulk RS Gyx — WV — fvqq 1epu 2j/1J  Yes 139 k/Mpr =10 2004.14636
Bulk RS gkk — tt Tepu >1b>1J2 Yes 36.1 I/m=15% 1804.10823
\ 2UED/ HPPh Tepu 22b23] Yes  36.1 Tier (1,1), B(AM — tt) = 1 1803.09678 Y,
SSM Z’ — ¢t 2ep = - 139 1903.06248
SSM Z’ > 11 27 - - 3641 1709.07242
— L
ADD {j) HLZ, neo =3 N 180308030 2j)
AOD (1 HLZ = 3 p 181210443 2y, 20
ADD Gy emission, e = 2 N 20713021 (21j+p7™}
ADD QBH (j), o =6 N 180308030 12j1
ADD QBH (e, neo =4 N 220506709 (ep)
ADD QBH (et), neo =4 N 220506709 (et)
ADD QBH (1), neo =4 N 220506709 (pr}
RS Gulll), kfifa = 01 N 210302708 (21)
RS Gurlyy], kiffa = 01 N 180900327 (2y)
RS Guadad, g9l ki =0.1 X I os=2eN 101103047 2j)
RS QBH (j), A= 1 N 180308030 (2j)
non-otating BH, Mo =4 TeV, mo = 6 N 180506013 27t y)}
3brane WED geclf +9- 99}, Gy =6, 95, 23,6205, mighimiged =01 pya ) [ 220102140 2)
Sp-UED 22 TeV R =28 220206075 (¢ +py™)
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Events/GeV

(Data-Fit)/r

ATLAS

EXPERIMENT

ADD model Searches

Searches for large extra dimensions

2 high pt electrons and muons

ATLAS Preliminary * Data o Mg =4 TeV
| V8=13Tev, 139 6! —— Background -—--- M;=6TeV
10 ee Channel o M, =8TeV

0.5

2.0 4.0 6.0

Mes [TeV]

3591 (13 TeV)
; ‘

> T T

(3 CMs { Data

g 10 BBEE _ Fitmodel
= + 1 std dev
£ 102

>

w

(data-fit)io,,,
(=]

2000 2500
m.., (GeV)

1000 1500

high pt p

ATL-PHYS-PUB-2021-021/
CMS-EXO-19-019
CMS-EXO-17-017

« 2

hotons

35.9 b (13 Tev)
e

= S I 5 8 s
Z 3 cMs EBEB 4 Data ]
= 10° £ I vy post-fit prediction =
137 o' (13 TeV, ee) + 140 fb™ (13 TeV, pp) S B I 7. i post-fit prediction 3
= 161 I | T | T | ] T ---- HLZ nep=2, M =8 TeV 7
© 14Z_CMS 95% CL lower limits E Em = — - Clockwork k=0.1 TeV, M.=10 TeV 3
— [ ee+ uu channels Observed ] Er 3
< 2= - Median expected ] 10 -
. I 68% expected 3 e
10|~ 95% expected - i
- ) P ] 1
8 pm— Em—— 3
c e —__:
6 = 107"
4 - = 3F" ' ' ' ' ' + {Da_i'cﬁl.r =
2: ] E 2r B t10.y. ) Oorar A
B ] SJ‘fL B T 2 U I A SO A AN
ot ! | | | | ! ] L mp— { 1 ] + I 9 1' tr1r11 T_
At Mg A=+1 Myn=38 M;n=4 M;n=5 M;n=6 M, n=7 &l 1= + + 1
RW) (H HLZ =3y | | | \ | | | L . =
(GRW) (Hewet) (HLZ) ADD models 500 #00 1000 1200 1400 1600 1800 2000 2200 2400 2600
Sienal GRW Hewett HIL.Z
& negative positive ngp=2 ngpp=3 ngpp=4 ngpp=5 ngpp=6 ngpp=7
+0.7 +0.1 +0.6 +13 +0.8 +07 +0.6 +0.6 +0.6
Bxpected 71427 5511 6326 satl? satll wa'll eatdf w08 56008
Observed 7.8 5.6 7.0 9.7 9.3 7.8 7.0 6.6 6.2
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CMS-EXO-19-019

Extra Dimensions — RS Model ATL-PHYS-PUB-2021-021/ &

137 b7 (13 TeV, ee) + 140 fb' (13 TeV, up)
~— [ l-_- T T "'[ T T T T | T T T T | T T T T | T T T T ] T l:
8 1 a CMS — obs. 95% CL limit "
§ 100 T T T Exp. 95% CL limit, median 3
" C I Exp. (68%) ]
o 107°F [ Exp. (95%) E
= B G (LOX1.6) A
0, 103 = — k/@pl =01 _
~ - c---k/M_ = 0.05 3
4 - —P .
= o Qe e N\ kM, = 0.01 E
m 107E
L, : 2
105 & 4.78 TéV =]
E I L 1 | 1 1 1 1 | L 1 I 1 I I"" 1 1 1 I 1 1 Iq...l I 1 |:

1000 2000 3000 4000 5000

m [GeV]
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(" . .
AR Vector-like fermions/quarks

See Dylan’s talk

WMSM, [V |*=1.0, Ma[ =10 0001143 180200965, 1606 10905 (e 2ljs 2ine)) 36 Fb~1
WMSM, [V VoIV 4 Vi) = 1.0 002-16 180610905 (21j+p+ el 36 fb~!

5- Type-lll seesaw heavy fermions, Flavor-democratic 01-098  220208676(31, 241, 1x 431,24 2, 3v4 1 v 4 2, 24 1) 137 fb-!
Vector like taus, Doublet 01-1045 22000867603L 24 e a3 e U 4 L a2 4l) 137 o)
Vector like taus, Singlet 0125-0.15 20008676 (31, 2411t 43,204 2, 3r4 1 Lr4 20, 2u4 1) 137 b~}

VIQTT - Zt+ X 2el2u/>3eu 210,21 - 139 | T mass 1.4 TeV SU(2) doublet ATLAS-CONF-2021-024 \
VLQ BB —» Wt/Zb+ X multi-channel 36.1 B mass 1.34 TeV SU(2) doublet 1808.02343

VLQ Ts3Tsps|Tsz » We+ X 2(8S)28epu>1b>1] Yes 361 | Tssmass 1.64 TeV B(Tg3 = W)= 1, ¢ Ts s We)= 1 1807.11883

VLQ T - Ht/Zt le,u 21b, 23] Yes 139 T mass 1.8 TeV SU(2) singlet, k7= 0.5 ATLAS-CONF-2021-040
VLQY - Wh Teu 21b21) Yes 361 |Ymass 1.85 TeV B(Y — Wh)=1, cr(Wh)=1 1812.07343

VLQ B = Hb Oeu >2b>1j,>1 - 139 B mass 2.0 TeV SU(2) doublet, kg= 0.3 ATLAS-CONF-2021-018
VL7 - Zt/Hr muti-channel  >1]  Yes 139 | «'mass 898 GeV SUZ) doublet | ATLAS-CONF-2022-044
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Search for resonant and nonresonant
production of pairs of dijet resonances

See Dylan’s talk CMS-EX0-21-010
Search for pairs of dijet resonances with same mass _ _
in final states with at least four jets Resonant production Nonresonant production
Where 4 jet production proceeds P Jet p Jet
* via an intermediate resonant state or . . \ -
+ nonresonant production ¥ ' :
X Jet Jet
Model-independent limits, at 95% C.L, on production , Ny , / »

cross section of four-jet and dijet resonances set

> 4-5£"”[""1“”I“"l"”I‘"'I'"‘I""I““l“’1?‘Ts\l§ R0 (12 ey}
2L .. CMs Diquark: § - xx - (ug)(ug) 2 looeoiss — Wheastey R
T | Simulafion  _m(s)=2Mx)=05TeV 3 CMS ViocDie 011 e 20 Tev
) o ) ) _0_; 35 —M(S)=4, M) =1TeV - Dietdp i MMES) =025
First LHC limits on a signal model of diquarks < 4 MO0 MR- 15T 3 T smean o sman o oo
that decay into pairs of vector-like quarks, = asf e 0MEIR2ET 3 F e ey B G By
- : E 1 Fwr 0 ARl i N S
excluding diquark masses below 7.6 TeV E o 024 < <026 189 NS T RN Tt
Z ysf : 0} N v ONE R &
= w0 -v & b N
L2 =2
Nonresonant search excludes pair production E: , =5 5l . B3 &8 -
0 1 2 3 4 5 8 7 8 9 10 11 2 3 4 5 6 78 2 3 4 5 6 7 8 2 3 4 5 6§ 7

of top squarks Four-jet mass [TeV] Four-jet mass [TeV]
tracey.berry@rhul.ac.uk LHCDays2022 15



PF Jet 1,
pt=2.218 TeV
eta = 0.27

Dijet Pair 1:
pt = 3.49 TeV
mass = 1.88 TeV

|PF Jet 3,

pt=1.733 TeV

eta=0.21

phi = 2.45

Dyet Patr 2:
PF Jet 2, =

CMS Experiment at LHC, CERN I‘lt = 2602492 TeV pt 3'45 Tev
Data recorded: Sat Oct 28 12:41:12 2017 EEST eta=0. =
Run/Event: 305814 / 971086788 phi=-127 mass = 1.86 TeV

Lumi section: 610

tracey.berry@rhul.ac.uk LHCDays2022 16



ATLAS Contact Interactions

A contact interaction (Cl) could be caused by 7 &
* Quark-lepton compositeness or
* Any new interaction with a massive mediator Z /s
q et o et
Cl - 2] - 37.0 1703.09127
I m??é’é’q— 2eu - - 139 i 006.1294
Cl eebs 2e 1b = 139 2105.13847
Cl uubs 2u 1b - 139 2105.13847
Cl ettt >lep  21b21) Yes 361 1811.02305
quark compasteness (11, s = 23t 114 ]
quark compositeness (1), nupa = =1 g\
bcted apon ot ectn - rrom e
Excied Lepton Contact nteraction s vty nh
17
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ATLAS

EXPERIMENT

Contact Interactions: ee, uut

Search in invariant mass only

First non-resonant search

to use data-driven background estimation
= Fitin the low mass control region

= Extrapolate to high mass

ATLAS Simulation

r (Destructive Interference) | <
E|—— Background ’
E Control Region
: Signal Region
300 1000 2000 6000
Myy GeV

O
o

95% CL lower limit on A [TeV]

I
o

w
(=}

ATLAS Preliminary —4— Observed (Constructive)

—¥— Observed (Destructive)
====Expected (Destructive)

LL Chirality

| Dilepton Combination === Expected (Constructive) |

50fb 1 20fo 1 31fo 1 3610 1 13910 |
7TeV 8TeV 13TeV 13TeV 13 TeV

40

30

20

10

EXOT-2019-16/
CMS-EXO-19-019

I 68% expected
] 95% expected

I

----- Median expected

JI

q e

+
A
q € LE
137 o™ (13 TeV, ee) + 140 tb™" (13 TeV, up)

L I I T I T I I
- CMS 95% CL lower limits
—ee + uu channels Observed

! ! ! ! | | |
L L R R 4 L R R
t Cong, i Cong; ‘ Cong; & Cong *sgy 705 T oy Dest

Cl model

18



ATLAS Leptoquarks

* Leptoquarks (LQs) predicted in GUTs and composite Higgs models

* LQs produced in pairs in gg fusion and qq 8 !
annihilation or singly in association with a lepton b
* Decays into a quark and lepton
L0

* Searches for 15, 2nd | 34 gnd mixed generations final states = | g
* Scalar and vector LQs are investigated

Scalar LQ 1%t gen _ 2e >2] Yes 139 LQ mass 1.8 TeV _ B=1 2006.05872
Scalar LQ 2" gen 2p >2j Yes 139 | LQ mass 1.7 TeV B=1 2006.05872
G ScalarLQ 3 gen 17 2b Yes 139 LQ; mass 1.2 TeV BLQY — br) =1 2108.07665
= Scalar LQ 3" gen Oe,p  22j,22b  Yes 139 LOé mass 1.24 TeV B(LQ) » tv) =1 2004.14060
Scalar LQ 3™ gen >2eu, 217 21j,21b - 139 | L@ mass 1.43 TeV B(LQS - t1) =1 2101.11582
Scalar LQ 3" gen E Oe 211 0-2j,2b Yes 139 LQ; mass 1.26 TeV B(LQ%—» bv) =1 2101.12527
Vector LQ 3" gen 17 2b  Yes 139 |LQYmass 1777V <1 B(LQY — br) = 0.5, Y-M coupl. 2108.07665
scalar LQ (pair prod ), coupling to 1* gen. fermions, f=1 N 36 fb'l <144 181101197 (2e +2j)
St L) fpuir prad 3 cowplily to ™ gea. fenlon, s 03 M 36 fb~! <127 181101197 (2e +2j; @ + 2j+p5™)
scalar LQ (pair prod ), coupling to 2*“ gen. fermions, =1 N 36 fb-! <153 1808.05082(2p+ 2j)
g scalar LQ (pair prod ), coupling to 2™ gen. fermions, = 1 M 77 fb~! 08-15 181110151 (1pu+ 1j +p3™)
g scalar LQ (pair prod ), coupling to 2" gen. fermions, f=05 M 36 fb~! <129 180805082 (2p+ 2j; u +2j +p7™)
scalar LQ (pair prod ), coupling to 3 gen. fermions, =1 _ 137 -1 _ <126 CMS-PAS-EXO-19-016 (27 + 2j)
scalar LQ (single prod ), coupling to 1* gen. fermions, §=0,A=1 » 101 fb-! 1-1.6 2107.13021{=1j+pT™)
scalar LQ (single prod ), coupling to 3™ gen. fermions, B=1.A=1 y 137 ﬂ)—l <0.75 CMS-PAS-EXO-19-016 (2v +b)

tracey.berry@rhul.ac.uk LHCDays2022 19



ATL-PHYS-PUB-2021-017

CMS-EXO-19-015
ATLAS Le ptO quar kS CMS-EXO-20-004

ATLAS EXOT-2019-13 _

ATLAS-CONF-2020-029

137 fb~, 2016-2018 (13 TeV)

e Searches for 1st, 2nd 3rd gnd P
. . . 5178 1* gen scalar LOs
mixed generations final states E 1
L 150 e F T T T
. . “e Median axpected 8 - ATLAS
e Scalar LQs are investigated I et L e 8
. g - m.azpn:md - ' 3 Db, 85% CL limit
* Decays into a quark and lepton £omf O 2 g 07 A
a7 0.5 - E?r Ifwa;':'
_ DA4E
o5 % D3k
. o Mixed 1#/2™ gen
0.2 Soalar first-generation leploguark 0 1: scalar LOs
i HﬂLC'—! UUE]=1 ﬁﬂ:m - 1 1 1 1 1 -'1
000 h00 1200 1e00 1800 1800 2000 S0 600 800 1000 1200 1400 1600 1800 2000
ark {GeV
LQ > te te SERANI Y Mo [GeV]
.—'q o g LERLGE  al corn al B vl e 0z
4 L Q{"“Vy—::g & a 4;. I I I Alﬂ..d.'? Prafiminary -
a ey ;E 0.8 Miseich 314400 i i vE=13Tav, 13910
TN t/-wfi?q % 07 gen scalar LQs i — e
g G b oef 020000 g f p— ;
\elp 055 E
040 — tum ]
. 0.3k HHEF 10 200 117 T
cross-generational LQ m(LQ) > 1.48 TeV o —
u_l: HEP 1030 113 E

s R IR I L | S | L e
0 GO0 BOOD 1000 TEJ'D.':' 1400 1600 1800 000 ?EUU 2400
tracey.berry@rhul.ac.uk LHCDays2022 ML [ GeV] 20



ATLAS ATL-PHYS-PUB-2021-017
A | e ptoq uarks CMS-EX0-19-015
CMS-EX0-20-004
ATLAS-EXOT-2019-13
* Searches for 3rd generation only ATLAS SUSY-2019-18 (arXiv)

and mixed generations final states

=k

Z TaTuas prlminay | o
* Scalar and vector LQs are investigated .- DZ st e
o D8 Feaidaie L A Vo= 13Tav, 130 1" OWN-type
* Decays into a quark and lepton = gaf WO e e
— Cibs. limit - o f
0.6 === Exp. limit — v Eﬂ

B Exp. limit 1 |¥reE 0011582

g b ! 0.5 Exp. limit 425 R
0.4 - Theory i — Bt
b |H KR 210012527
0.3 ATLAS. 36,1 1 e,
E { IJHEF'I.'rE 201 ¢ H
0.2 05500~ 800 1000 1200 14001830 1800 2000 2200 2400
L0} 0.1t LO 1.43 TeV b miLegiGev]
4 " pEl L. L . m( [ ] } P B .el i W giE Re-interpretation
£ 600 800 1000 1200 1400 16 of SUSY resulls
L% LQ —trttr Mg [GeV4 137 167 (13 TaV)
1.0 “Eoms | omeamwoy C EmshoU 0 3 F cMS | Ot BSROL BRSO o preiredby
-LE:!. M SE — ki, T, + v L -l W evla, § ME — 10, T, + 71O, === ta, [, +t10, Bancmales 2
'-.;..'._ o - H:— = m5m= = Ly, O, 3 J'.— a1l Lo, I, - e, O, 185% CLY 3
v - - —— L, wio, - - — - L, 10, -
o 25F ) . 4 asE POl ; =
4 ~ - _ b TiE 3genscalariQs - - 3“genveclorlQs - I »
LO: ¥y 3 E ) 3 : iy
Q3 : VeE" i =R ' /I ' :
= - - T 5 i =
HE— | ! Single + pair 3 [H:-_ SlngFE +pair § H
. . .. t b “E vl LQ prcrduchun | ; 3 “F . 7 ; LlilI producilc:nl o ; :
e First dedicated analysis in ATLAS oo Lo D ol B
. g e . Lig! 8 i1, =)
Improvement of a factor of x10 in sensitivity (~500 GeV in mq) - - -

with respect to ATLAS and CMS 36 fb - ) tracey.berry@rhul.ac.uk LHCDays2022



ATLAS

EXPERIMENT

See Adelina’s talk

Dark Matter

» Pair production at LHC
+ DM candidates escape detector (weakly interacting)

« Large missing energy (MET) is the key variable

| ————— |
vector mediator (qql, g =025, o =1,m, =1 GeV N 191103761 (2 3j)
vectormediator (ti),g, = 01,9 = 1.9,=0.0L,m,>1 TeV M 210302708 (2e, 2p)
{axialvector mediator {qq, o =025, g =1.m, =1 GeV N =2 191103947 (2j)
{axialvector mediator (), g = 025, Gowe =1,m, =1 GeV ¥ 105 210713021 (2 1j+p}™)
{aial)-vector mediator (11),g, = 0.1, gow= g, =0.1,m, >m,, 2 ¥ 210302708 (2e, 210
snhtmubtortﬂﬁil.g,:l.g,.= Lm,=1GeV N 1901015530, 1t + =2j+p7™)
scalar mediator (fermion portal), A, =1,m, =1 GeV ¥ 150 210713021 ( 21j+ p3™)
pseudoscalar mediator (+V), gq =1, g =1,m, =1 GeV ¥ 210713021 (2 1j+ py'™)
pseudmme&mumﬂ,g.:l.g,.:l.m,:l&\l' N 190101553 (0, 1t + 22j+p7™}
complex sc. med. (dark QCD), m,, =5 GeV, cTx, =25 mm N <154 181010069 (4j)
2 mediator (dark QCD), My, =20 GeV, 1,,, =03, 8, =a" N s 211200125 2 4
Baryonic Z', g, =025, gou =1,m, =1 GeV N <16 | 190801713 (h +p7™)
7' - 2HDM, g» =0.8, g = 1. tang = 1, m, = 100 GeV ¥ 190801713 (h +p§™)
Leptoquark mediator, §= 1, B:=0.1, Ac.ow =0.1, 800 <M <1500 GeV N P 03=06 181110151 (1p+ 3j +p7)
Avia-vectormed. (Diac DM) ~ Oepry 1-4]  Yes 139 g=025, g,=1, m{y)=1 GeV 210210874
Pseudo-scalarmed. (Diac M) Oepry 1-4]  Yes 139 &1, g=1, m(y):1 GeV 21020874
Vectormed. Z'-2HOM (DiracDM) O 2b Yes 139 tanf=1, gz=08, m{y)=100 GeV 2108.13391
Psgudo-scalar med. 2HDM+a — mult-channel 139 tanf=1, g,=1, miy)=10GeV | ATLAS-CONF-2021-036
22
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Mono-jet ATLAS  Rioie

EXOT-2018-06/

* Most sensitive mono-X channel for ISR processes
e Search: for a Missing Energy excess.

* Dominant backgrounds: Z(vv)+jets and W(lv)+jets
constrained in 1 and 2 lepton control regions

prec! >200 GeV signal region — 1500
> I
F T T T T T T T T T T T T T T T T T T T q) - imit+ 3
> [ ATAS e ; g [amas ettt
0] Vs =13 TeV, 139 fb'1 2333 Standard Model w. unc. 3 q g X : S,= oV, 1 ) - - - - Expecled limit
e P Si | Regi i Zio v) + Jets 7 E | Axial-vector mediator s Opeonved it (£ 1672 °%%)
@ 107 g >lgnalRegion VBF Z( 11/ wv) + jets E | Dirac fermion DM ZE bt dorsity e > 0,92
5 sE pT(J1) > 150 GeV W(— v) + ets ] 9,=025q =10 Perturbalivily limit
LJ>J 10°E VBF W(-» Iv) + jets E 9q gy 1000 95% CL limits ——— ATLASVs=13TeV.36.116" |
E tf + single top E L. B
10 g Diocson L Za axial-vectgr mee
5 - Multijet + NCB 7 B 'S 5P 7
— - e 7 =0 - -= — - 3
10 3 mit, %) = (600, 580) GeV E g X B
E mx, Z,) = (1, 2000) GeV
102 = == DE, M, = 1486 GeV .
E . jet pr=150GeV, 500 -
10 Eannee LT e, Inj<2.4, A
£ S R tight quality
1 e e 1
] . . T o '
1.2F T T T T T T 3 » : 1
g 112_ . *+ _z w OO< S 1 L | 1 L 1 13y
R ——— e inesmion  WEDamGY 1000 2000
[m] 82:_ ¢ Data/SM after CRfit § Data/SM after SR+CR fit Total Uncertainty 1 mZA [G eV]
B P Sl A IR ) I | i
200 400 600 800 1000

1200
p;—ecml [GEV]



ATLAS

EXPERIMENT

Long-Lived Particle Searches

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

Status: July 2022

ATLAS Preliminary

[L£dt=(32.8-139) fb~? Vs=13TeV
Model Signature  [Ldt [ Lifetime limit Reference
T R L rorrTTrT TorrTTToT LA | T T
RPVt - uq displaced vtx + muon 136 t lifetime 0.003-6.0 m 03.11956
RPV)?Q — eev/epv/puv  displaced lepton pair 32.8 A?? lifetime 0.003-1.0 m m(g)=1.6TeV, m(¢})=13 TeV 1907.10037
GGM ) - ZG displaced dimuon 32.9 )E‘l’ lifetime 0.029-180m  m(g)=1.1TeV, m(¥)= 1.0 TeV 1808.03057
GMSB non-pointing or delayed y 139 A?E lifetime 0.24-24m m(¢?, G)= 60, 20 GeV, By=2% CERN-EP-2022-096
GMSB 7 — (G displaced lepton 139 | 7 lifetime 6-750 mm m(Z)= 600 GeV 2011.07812
% GMSB 7 — 7G displaced lepton 139 7 lifetime 9-270 mm m(7)=200 GeV 2011.07812
8 AMSB pp - 7if3. 717  disappearing track 136 )zf lifetime 0.06-3.06 m m(i})= 650 GeV 2201.02472
AMSB pp — P73, 71 ¥1 large pixel dE/dx 139 )‘('f lifetime 0.3-30.0 m m(¥1)= 600 GeV 2205.06013
Stealth SUSY 2 MS vertices 36.1 $ lifetime 0.1-519m B(& — 5g)= 0.1, m(&)= 500 GeV| 1811.07370
Split SUSY large pixel dE/dx 139 g lifetime >0.45m m(g)=1.8TeV, m(¥?)= 100 GeV 2205.06013
Split SUSY displaced vix + Ess 32.8 § lifetime 0.03-13.2m m(g)=1.8TeV, m(7})= 100 GeV 1710.04901
Split SUSY 0¢6,2-6jets +E-'r“iss 36.1 £ lifetime 0.0-21m m(g)=1.8TeV, m(¥3)= 100 GeV | ATLAS-CONF-2018-003
H-ss 2 MS vertices 139 s lifetime 0.31-724 m (s)= 35 GeV. 2203.00587
@ H-ss 2 low-EMF trackless jets 139 s lifetime 0.19-6.94m m(s)=35GeV 2203.01009
:Q_ VH with H — ss — bbbb  2( + 2 displ. vertices 139 s lifetime 4-85 mm m(s)=35 GeV 2107.06092
é FRVZH — 2ys+ X 2 u-jets 139 4 lifetime 0.654-939 mm m(yq)= 400 MeV 2206.12181
§ FRVZH — 4yy+ X 2 p—jets 139 7vd lifetime 2.7-534 mm m(yq)= 400 MeV 2206.12181
T Hozz displaced dimuon 329 | Zq lifetime 0.009-24.0 m m(Zy)= 40 GoV 1808.03057
H—ZZy4 2 e, u + low-EMF trackless jet36.1 Z4 lifetime 0.21-5.2m m(Z4)=10 GeV 1811.02542
(200 GeV) - ss low-EMF trk-less jets, MS vtx 36.1 | s lifetime 0.41-51.5m o x B=1pb, m(s)=50 GeV 1902.03094
i§ (600 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5m o x B=1pb, m(s)= 50 GeV 1902.03094
@ d(1TeV) > ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.06-52.4 m  x B=1pb, m(s)= 150 GeV| 1902.03094
W — NEN — ey displaced vix (uu,ue, ee) + 139 N lifetime 0.74-42 mm m(N)=6 GeV, Dirac 2204.11988
W — NE,N — Ey displaced vix (uu,ue, ee) + 1 139 N lifetime 3.1-33mm m(N)= 6 GeV, Majorana 2204.11988
% W — NE¢,N — tty displaced vix (uu,ue, ee) + e 139 N lifetime 0.49-81 mm m(N)= 6 GeV, Dirac 2204.11988
W — N¢,N — ey displaced vix (uu,ue, ee) + e 139 N lifetime 0.39-51 mm . m(N)=6 GB\IL Majorana 2204.11988
PR | M | MR | MR PR MR
0.001 0.01 0.1 1 10 100 cT [m]
Vs =13 TeV Vs=13TeV
partial data full data 1 v nl el TR | TSR | TR | L
0.001 0.01 0.1 1 10 100

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



ATLAS

EXPERIMENT

Searches for long lived particles

. diséppearing or
Examples: dsplsced kinked tracks
. Heavy, long-lived, charged particles ey ) —

I non-pointing
\ /...~ (converted) photons

i
iy

. Sleptons N
. Particles can decay in the detector after few cm ‘ 7
. ] ) displaced leptons, L3 % emerging jets
. Neutralinos in GMSB, mass-degenerate gauginos, lepton-ets, or d
. . lepton pairs : s &
particles of a Hidden Sector / : .,
Challenging experimentally Ny .-’ It;fvc_"éﬁg'jets
- Non-standard reconstruction quashstable
Displacements, timing and ionization ot vertices in thé charged partices
Dedicated triggers muon spectrometer
Non-standard background is a challenge /
Detector noise, cosmic rays,

reconstruction failures

Usually estimated from data
tracey.berry@rhul.ac.uk LHCDays2022 25



 Distinctive topology : pair of jets

Displaced jets

originating at a secondary vertex
Different signal models targeted:

LLP decaying to g-gbar,

Exotic decays of Higgs: gg > H = 2S,S - qq
where ct ™~ 1mm to 3m

Highlights:

e Dedicated displaced triggers

e Dedicated secondary vertex reconstruction

e BDT with variables like vertex track multiplicity

tracey.berry@rhul.ac.uk

G/Ggy(99—H)

LHCDays2022

CMS-EXO-19-021

132 fb™ (13 TeV)

CMS

gg — H, m_ =125 GeV
H —»SS,S »>dd

1

95% CL upper limits =
Observed
------ Median expected E

68% expected 3
= mg=15GeV
v mg=40GeV
* mg=>55GeV

cty [mm]

26



ATLAS-CONF-2022-054/

Displaced vertex + jets q

ATLAS

EXPERIMENT

p q
: . . p v
Search for long-lived particles (LLPs) decaying into hadrons AL ’ g
In events with a displaced vertex (DV) and several jets ﬁn g
gLl
. . . v g X
Uses dedicated reconstruction techniques that significantly 4 p ' q
increase the sensitivity to LLP decays q
oy C T T LS N AL L B
Backgrounds are instrumental, data-driven estimation & 12— A7LAS Simulation Preliminary E
E 1: Strong RPV%:’: m(@) = 1800 GeV, m&?) =850GeV,t=1ns ]
i i c [Satay —e— Standard Tracking -
Interpretations in strong and electroweak SUSY models S Ny —4— Standard + LRT .
o = 08 “ 4 N‘*ﬂ*ﬁ*ﬁﬁ 4 ! 7
All limits at 95% CL Ewk RPV 7 (LF). 7 (-»qaq) Al limits at 95% CL Strong RPV 7 (LF), § - qqZ’ (— 9qq) 2 r * ]
e T I A R I -~ =i e A 8 osl e t ++++++ -
S 1e00F q 6 E ATLAS Preliminary y - [ - “%‘# . ]
oy ] ar [ Vs= 13 TeV, L = 139 fb™ ¥ ] 2 04 ¢ i ‘H .
E 1400 -] £ 2000~ my = 24 TeV : i L ¢ ¢ ¢ + i
: 0 02 M g
1200 i 15001 // / / i e ¢+f ]
1000} g i ] % ~""B0 {00 180 200 250 300
800 ] sy B R [mm]
eoof— ATLAS Preliminary === Obs. limit (1 ci‘e’f};)—f 500:_ 2= Obs. limit (+165Y5Y) 3
. {s=13TeV,L=139" === Exp. limit (£10a,,) b r - == Exp. limit (+106,,,) ] .
400 I AP - — e Electroweakino masses below 1.5 TeV
10 fo" 1 : ‘]O 10° 107 L [ 1]° are excluded for mean proper lifetimes
) T|Nns

Limits on pair-production of supersymmetric particles with long-lived
electroweakinos that decay via a small R-parity-violating coupling

tracey.berry@rhul.ac.uk LHCDays2022

in the range from 0.03 nsto 1 ns

27



Displaced jets in muon system (2vtx) *&w

EXOT-2019-24/

Search for events with two displaced vertices from long-lived particles (LLP) pairs ¥
. b _ f -z 04 f
In the muon spectrometer (MS): - -2
S

reconstruct vertices of LLPs decaying to jets
Vertices displaced between 3 m and 14 m w.r.t primary

/]
I
=

~|

. R >.| 1_4-|Ill|l\\Ill\\illlllll!\\|Il\\|Il|||ll1\‘lll\‘llll-

Observed number of events consistent with expected background g = faras simuston seegrjggg\f\-/hihshfé .

. R . . -— | seed: ev-nigh-c_ _|
Limits for several benchmark signals are determined £ 12 Fim, m)=(600.150) GeV L1 seed: low-E, v2016
ct=3.31m L1 seed: low-E; v2018

. . . , _ _ 1Dlsplac:ed Jets in calommeter
First exclusion limits for branching fractions (BF) into neutral LLPs 0.8 d—— | ]

below 0.1%, for m, =125 GeV

0.6

: — 5 s

BF above 10% are excluded at 95% C.L. for LLP proper lifetimes : il L

ranging from 4 cm to 72.4 m LAT | | | .

First results for LLPs decaying into into tt in MS 0.2fF i | X _
o) ENERERRRIRE LU i |

00.5115225335445|5

LLP Ly, [m]

tracey.berry@rhul.ac.uk LHCDays2022 -



LLPs decaying to a pair of muons

 Inclusive search for LLPs decaying to a pair of muons HAHM model
» Signature: pair of oppositely charged muons Hoeeoo L S
originating from a common secondary vertex Hp
displaced from pp interaction point by several hundred pnm to meters
* Results interpreted in frameworks:
« Hidden Abelian Higgs Model (HAHM)
in which Higgs boson decays to a pair of long-lived dark photons Zo
« Simplified model
LLPs produced in decays of an exotic heavy neutral scalar boson .
Best limits to date on the branching fraction of the Higgs boson to dark photons :%
for ct(Zp) between 0.03 and 0.5 mm, for HAHM with m(Z,) > 20 GeV && < m/2
Best constraints on LLPs with masses larger than 10 GeV, produced in decays of
an exotic scalar boson heavier than the Higgs and decaying to pair of muons

tracey.berry@rhul.ac.uk LHCDays2022

EXO-21-006/

Zp

Zp

1.4

Cosmic ray muon data

T
- CMS

[ & Data (p;_1>TGeV)
¢ Data (p';’>15 GeV)

p>™ > 28 GeV, 2018 p' thresholds

$ XX (p'>7 Gev) A
7 0—XX (pS'> 15 GeV)




ATLAS-CONF-2022-057/

5% Electroweak same-sign / 3-lepton

Search for winos and higgsinos in events with either a pair of same-sign leptons (e/u) or 3 leptons
Interpretations in R-parity conserving (RPC) and R-parity violating (RPV) models

RPC simplified models | RPV models

N S
g:t

Intermediatqe states including Wh or WZ pfairs

LA B B L R

o Y | IEE S - ) IR LR
% F ATLAS Preliminary Theory pp — X%/ T0,
o ; ' . : . r . . v . , [ Vs=13TeV, 139 b —— Observed Limit
5 00 E ATLAS Preliminary ¢ Data === Total SM L Alllimits at 95% CL - - Expected Limit -
i = » Wz [ Vs .
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Wino masses up to 525 GeV and 260 GeV are excluded  Higgsino masses smaller than 440 GeV are excluded
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ATLAS

EXPERIMENT

Conclusion

« Searching for exotics is a broad program:
both in terms of questions asked and of final states

« Exciting and varied area to work in

* Looking forward to analysing Run 3 data

tracey.berry@rhul.ac.uk LHCDays2022 32



* Thanks for listening!

* Any Questions?

tracey.berry@rhul.ac.uk LHCDays2022
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