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Why Long-Lived-Particles (LLPs)?

Long Lived Particles can arise when:

e approximate symmetries

» effective higher order
dimension operators

* mass-degenerate spectra

* highly virtual intermediate
state

=T = dHf /A (mX — {pf}> Small phase space or small matrix element
2mX
| Detector-prompt ¢ Detector-Stable Many BSM theories foresee LLPs too!
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. Inner Detector (ID)
. Electromagnetic CALorimeter (ECAL)

Selected BSM LLPs searches in ATLAS  m vadonic cavorimeter (ca

. Muon Spectrometer (MS)

Multi-Charged Particles

~ ATLAS-CONE-2022-034

dE
Unconventional — in “ixe!l Detector

dx
(PD), Transition Radiation Tracker (TRT)
and Muon Drift Chambers (MDT)

susv|Displaced vertices + jets

arxiv:2301.13866

susv|Displaced photons

From the same decay: ATLAS-CONF-2022-051
From different decays: arXiv:2209.01029

[sus¥|Slightly displaced muons

ATLAS-CONF-2023-018

How to overcome
challenges in LLP
detection?

Custom object
reconstruction (all these
searches)

Data-driven background
estimations (all these
searches)

» Dedicated trigger
< algorithms

@ ML tools

Elena Pompa Pacchi - DIS2023 - BSM LLP in ATLAS - 30/03/2023
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https://arxiv.org/pdf/2301.13866.pdf
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-018/ATLAS-CONF-2023-018.pdf

T

Multi-Charged
Particles (MCPs)

ATLAS-CONF-2022-034: 23/03/2023



https://cds.cern.ch/record/2810156/files/ATLAS-CONF-2022-034.pdf

‘ Mcp € [26,76]'

HECO and monopoles

| myicp € [500,2000] GeVI

Signature and SRs

Signature:
MCP traverse the whole detector interacting with it

— muon-like signature — muon triggers

dE  Z*
—x—,Z>2and fx 1

SRs:
> 1 highly energetic and isolated muon (MS matched to ID)

dx  f? ‘
— highly-ionising and

\

S(MDT dE/dx)

. 2 SRs optimised for different Zy,cp
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https://arxiv.org/abs/1812.03673
https://arxiv.org/pdf/2205.06013.pdf
https://arxiv.org/pdf/2205.06013.pdf

Displaced vertices
+ jets (DV+jets)

arXiv:2301.13866: 01/02/2022



https://arxiv.org/pdf/2301.13866.pdf
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LLP decay displaced into hadrons SRs:
— and multi-jets At least 1 DV:
— jet triggers » With large myp,,, and ng{lfks > 5
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All limits at 95% CL Strong RPV % (LF), § — g% (— qqq)
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Background and results S T
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https://arxiv.org/abs/1504.05162

— - Displaced non-
pointing photons
o

%

From the same decay: ATLAS-CONF-2022-051 12/07/2022
From different decays: arXiv:2209.01029 02/09/2022



https://cds.cern.ch/record/2816334/files/ATLAS-CONF-2022-051.pdf
https://arxiv.org/pdf/2209.01029.pdf

From different decays

Signature: o
Different decays:
two photons produced in different of LLPs in
association with leptons

— |lepton triggers
Non pointing photons coming from different LLPs

— pointing Az, = 12, = Zpy|

Signature:
Same decay:
two photons produced in decays of LLPs

— photon triggers
Non pointing photons coming from same LLP

— vertexing p = \/ VI% + V%
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Signature: displacement

Timing information in calo (resolution O(100 ps))

Same decay: —average timing in calo 7,

= (t,) +1,)/2

Different decays: —per photon timing in calo L,
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Results
.

Expected
— Observed
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Results:
No excess found over SM prediction

— exclusion limits on free parameters of the models

v From same decay
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Comparison with previous searches:

Comparison with previous searches: * First time it is looked for di-photon final

First time it is looked for photon final
states with VH and displaced photons

states with photons coming from same
vertex

* First time p requirements
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I l
Slightly displaced
muons
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ATLAS-CONF-2023-018: 23/03/2023



https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/CONFNOTES/ATLAS-CONF-2023-018/ATLAS-CONF-2023-018.pdf
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Strategy and results
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Summary and conclusion

LLP exist in SM, why not in BSM too? LLP searches great challenge for HEP experiments (optimised
for prompt objects)!

Unconventional reconstruction, novel trigger algorithm, very good knowledge of detectors are
needed...

ATLAS looking for LLPs with direct detection (MCPs...) and indirect detection (displaced vertices,
displaced non pointing photons, displaced leptons/light hadrons), see here for all ATLAS BSM results

No evidence of BSM LLP so far, but new technigues brought to light and better understanding of

detector achieved _
. 12 oS e -
S " [ ATLAS Simulation Preliminary ] Now we are iIn Run3 — more data, novel
e AR S e am | trigger and reconstruction algorithms
2 08l 0 Combines 1 ongoing: exciting prospect for LLP
v feae,, | searches!
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0 50 100 150 200 250 300 Elena Pompa Pacchi - DIS2023 - BSM LLP in ATLAS - 30/03/2023
Stau Transverse Decay Radius [mm]



https://twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome#Recent_Results
https://twiki.cern.ch/twiki/bin/view/AtlasPublic/HLTTrackingPublicResults#ATL_COM_DAQ_2022_023_Expected_Hi

Long live the Long Lived
Y Y
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Multi-Charged
Particles (MCPs)

CONF Note 19/05/2022



https://cds.cern.ch/record/2810156/files/ATLAS-CONF-2022-034.pdf
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MCPs
Signature:

MCP traverse the whole detector interacting with it

— muon-like signature — muon triggers SRs:
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S(MDT dE/dx)

Background and results

Energy fluctuations for highly energetic muons

O-rays
Detector noise
Radiation background

— data driven estimation using ABCD method

Background:
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Results:

No excess found over SM prediction

— exclusion limits on 6 vs my;cp and Zycp
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Comparison wrt early Run2:
Late muon trigger

Photon Fusion production mode added
y * virtual boson exchange added
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https://arxiv.org/abs/1812.03673

Uncertainties

Signal: Background.:

* Offline quantities: mis-modelling of discriminators * Closure uncertainty due to ABCD method

- Uncertainty on material in front of MS — € [12%,33%]
dE - _
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% Displaced vertices
+ jets (DV+jets)
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XClusSIive packKkgrouna estumation . .
- — No excess found over SM prediction

—
o
'S

 High-pT and Trackless-jet SRs jet
requirement failed;

e 2> 3 track-jets with p > 20 GeV

> T =
8 ATLAS High-p_jet selection {s=13 TeV, 139 fb" =
Dv I j ets § 5 - e - t=0.1ns, m(% ) = 50 GeV Hadronic interactions — All limits at 95% CL Strong RPV 7° (LF), § — q&7° (= qqa)
310 -oors0tns m@) = 450 Gev Merged vertices 5 > 2500 ' emiayromicen
; 10 é_ | Accidental crossings O, - ATLAS : : 7
BaC kg round 'g = 4 Used for non-closure uncertainty on E e~ 2000 - Vs=13TeV,L=139fb" ,.' ]
. . S 1 :_T | inclusive background estimation ] N m,=2.4TeV H i
. with detector material 2 ‘=i gy — e — : e i
il oo @000 T Obs. limit (1 otheory) I
B -W// 99955 W — ¢/ i === Exp. limit (+104y) T
Z 7 Z i ' ]
° Euu ........ TN LI Ll Ll L1t P S S 1000~ -
(@) : : : : : - J : = - -
' : ; o 13 .’W | /7 7 /g/ 7 - ]
— data driven estimation S o0st % 7y S s00r- E
@ o0 5 10 15 20 25 30 35 40 45 50 - ]
4-trk DV mass [Ge - S
SR _ _CR CR—SR eV e ' |
1% .= P : f 10 10 10 1 10
DV —jet DV e track—jet s
6 B Inclusive baCkgI‘OUI’ld estimation I 2000 All limits at 95% CL Ewk RPV %’ (LF), %" (— qqq)
— . e - L | LAY LAY | LAY LAY A
CR _7 —6 : : > seeeeenns it (L SUSYy ]
— p . E [6 X 1() ,2 X 10 ] - ATLA —e— Observed - 3 100 ATLAS . — Obs. limit (+105.0%)
DV‘(—)traCk—J et S Vs=13 TeV. 139 fb™ Estimated ] = _ Vs=13TeV,L=1391b === Exp.limit (1 0,,,)
- = ; N N .
CR - High-p_jet selection Non-closure uncertainty - S 1600 '
_ 4L Validation region } B 1400
° - . : -
y triggers; af- : 1200
7

Number of events / estimated
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Outside material Inside material

Track-jets: | | i | |

. N, =4 N, =4 Ny= 5 N, =4 Nz 5 Nz 5 Comparison wrt Run1i:
Background DVs correlated with track- . cevi= 1020 =20 510 1025 1045 1525 L arge Radius Tracking

density, correlated with jets multiplicity Novel background estimation technique
First time interpreted in EWK SUSY
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Uncertainties

Background:

Region

CR statistical

Uncertainty source
Non-linearity VR non-closure

Signal:

Source of uncertainty Relative impact signal yield [%]
Gluino pairs Electroweakino pairs

Total 17 -20 20 -31
Tracking and vertex reconstruction 14 - 17
ISR modelling in MC simulation <1 1-24
Jet energy scale and resolution 1 10
Integrated luminosity of data sample 1.7

High-p jet SR
Trackless jet SR

+ 58%
+ 58%

Pile-up
tégzz + 4% + 5.9%

+6.3%
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— - Displaced non-
pointing photons
o

&




From different decays

Signature: o
Different decays:
two photons produced in different of LLPs in

. association with leptons
— photon triggers

Non pointing photons coming from same LLP - — lepton triggers |
\/Vz Non pointing photons coming from different LLPs
= -

- /2 -
v — pointing AZ}, = |z, — Zpy|

Signature:
Same decay:
two photons produced in decays of LLPs

£ -
[ /i = L . E [ —e Real-enhanced templat
g ATLAS Preliminary ?oata’ CR Template s T TS FaRe-anhanced tampiate ATLAS
o \‘s=13Tev,139f6" %,(135 GeV, 2 ns)—HG < A My oM et = (60.9:5,9) Vs=13 TeV, 139 b
S S = %.(135 GeV, 2 ns)—-ZG 8 F--- mNLSFm-SPiT) = (60,0.5 ? 0) «*
X / x /8 % N = mNLSPm-SPTr) = (60,50,2)  aa
/ & N %,(135 GeV, 10 ns)—~HG 510 NLSP I
/[ ) /) /7 / / /S /3 Ly ﬁ‘, (135 GeV, 10 ns) Z~G § = e o
/ N !- T ) X, (325 GeV, 2 ns)—HG S B A
7 / (] ' o L .?F'E._;._J — ~0 ~ E ® M-
e (1 1 - Cm— || _-rJW////%_Z/////// g - .. '-T"’:""'k“.T_I.W : X1 (625 Gev; 2 nS)—>ZG 610 2 §_ * DX
21 - e z e e
- ‘I'I‘.E. - ___.__-,‘ ________ B - i':':':"—" '-"-"-"-"t
-0—_._ q:--; o E __________ 10_3 = bnnnnnnnnd hd - o —:-j-|
.. s Ty se— N N A SN S —— - - —A e,
Secondary +_,__._ ................ _i‘_*“‘ = |\ £  NLSP ;] @ e [ em— - P —
Vertex (SV) -~ e 107 e Y L TR
I,/ + : ——
//, ++ \ 1 0—5 1 1 1 1 | 1 1 1 1 I 1 1 1 1 | 1 1 1 1 I 1 1 1 1 I 1 1 1 1 | 1 1 1 1 | 1 1 1 1
p i 0 Zow 7 > -2000 -1500 -1000 -500 0 500 1000 1500 2000
« vR P : b " Photon pointing [mm]
Primary /’/ LLP I I I I I I I I I I ' Az, !
V rtex (PV) /' 10—6 L1 L1 1 L1 1 L1 1 L1 1 L1 1 L1 1 1 1 1 1 L1 1
e é 0 200 400 600 800 1000 1200 1400 1600 1800 2000
z=0 3 . p [mm]
v, 28

-

Elena Pompa Pacchi - DIS2023 - BSM LLP in ATLAS - 30/03/2023



Different decays SR:
4 SRs with at least one y in EMB

Signature: displacement |1y, my; op — M op = 10 GeV L, > Onsa Egm > E;OGGGVV
Timing information in calo (resolution O(100 ps)) | > 2y, my;p — My gp = 10 GeV cell > 1 9€
Same deca.y: o . (17, My sp — My gp > 10 GeV t, > 0ns E¥1iss > 80 GeV
—average timing in calo 7, = (£,; +1,,)/2 o | > 2y, my; op — My op > 10GeV 5 E., > 10GeV

Different decays:
— per photon timing in calo ¢

Normalized entries / 200 ps

From different decays
ATLAS

From same decay

- v 10
c = ..
T Pate T B 2 F flemvm
L \s=13 TeV, 139 fb” = 4L B
mcsemesed = (@09 : | a 1k
mNt:E mtgz = (60, g052) 2 — —e— Data, CR Template
= ﬂ e — ~0 e o
NLsp' TLsp't) = " c u %(135 GeV, 2 ns)—HG e .

107 - % 107 e ié(135GeV,2ns)—>Z§ I il Same decay SRS

- - 8 = 7(135GeV, 10ns)>HGE o |, o  Hiie. .

u s E [ —-%(135GeV,10ns)>2G "’ ° > 2}/ energ et|C
102 * 2 107 (325 GeV, 2ns)>HG | :

= W1 ST %625 GeV, 2ns)-28 .| . o ( ) ( ) > 5 GeV

: . oL E st Ecenn(Y1) » Ecen(r2
102 1 : - R

| - . m,, > 60GeV

- L = .
107 - 3 -

; ty ol B « V. < 1500mm , V, < 3740 mm

N | 4 = .
10—5 llllll iy birlm Lokl J‘ ST ETE B AT BT A AT BN SN AN A A AT H T { * * O

- -3 -2 -1 0 1 2 3 4 106 _j_]J_VJ”LJ_J__L_L_LJ]_L_J_J_L'I_]_I_J__:_-v’IIIIIII|IIII|IIIIIIIII|IIII L l- ° l- >

Photon timing [ns] -5 -4 -3 -2 -1 0 1 2 3 4 5 71 12
tovg [NS]
Background:

* Real prompt photons
* Fake photons (electrons and jets)

— shape fit performed in fake-enhanced and genuine-enhanced
photon data samples over 7, ( spectrum for different | Az | bins (p)
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Results:
No excess found over SM prediction

Displaced photon S — exclusion limits on free parameters of the models
|

I T 10°F - : —
%‘ 40 _ ATLAlq S | | I & = - ATLAS Preliminary  — opserved — m(x,) =135 GeV £ - ATLAS Preliminary ; H/Z —— Observed
O] - p Expected i o W [ Vs=13TeV, 139 fb" &) = 175 GeV & Vs=13TeV, 139 fb™’ . ---- Expected
s 35 :_ E =13 TeV, 139 fb — Observed - P - BRE'— HG) = 1 --- Expected =1 o 1 o 10°H ) B Expected + 10 -
4 - ngh-Am selection o ) | 1 — m(i?) =225 GeV &= B~ H+G)
E 30 — t=2ns a Q , 1—e=B(F > Z+6)
- ? O m@) = 325 GeV 1
- e <. : - 2o
25 z § L R T e I S 107 e=09 -
_ c [= =05
20 — .g = £€=0.3
- g _! ................................... e=0
- ®)
15 |— s ) o 101 -
: 5% 29, : RGN R
10 = b
C c
E : 3 100} P .
SE From different decays g } S RN s :
£ | L - . . - - -
030 35 40 45 50 55 60 — ': — '110 — ':O' 10 700 200 300 400 500 600 '7000‘ 800
My, sp [GeV] wx,) [ns] m(%{) [GeV]
NLSP
>
o)
)
o i i . - . -
K Comparison with previous searches: Comparison with previous searches:

* First time it is looked for photon final First time it is looked for di-photon final
states with VH and displaced photons states with photons coming from same
vertex

First time p requirements

™
i
=
|
=
=
—
|
|

Observed 95% CL Limit on B(H — NLSP NLSP) [%]
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O — 3

§ 1.055- ATLAS Vs =13 TeV, 139 o’ =

5 1 A A -

§ 095 — & ——Fepr =

© = —/— =

g 039 — =

Signal, different decays: S 0.85F 10GoV < priv) < 100 GeV N =

. . . - ev < < e -

« Normalisation uncertainty: 2 08fF Priy =
L = - --SM Z - lly Dat -

- Instrumental uncertainties = O(1%) g 075 oYL Y -dd E
S 5 7F ---SM Z - lly MC =

. . . " . () . :_ . _

- Theoretical uncertainties («,, renormalisation and & Lesk - SignalMC Uncertainty on high | Az, | |
- — -

factorisation scale variations, PDFs choice) 0BE
— 17 % ' 10 102
- Luminosity — 1.7 %

e Shape uncertainty — nuisance parameter in fit
- Photon ID, timing and pointing mismodelling

Lo
10°
| Az,| [mm]
Signal, same decay:
e Instrumental uncertainties - € [2.5 % ,3%]

 Theoretical uncertainties (o, renormalisation and
Background, different decays: factorisation scale variations, PDFs choice)
Background shape uncertainties: — 12.6 %
* Fluctuations of events in CRs

* Choice of events yielding in fake-enhanced and fake-
enhanced CRs Background, same decay:

Background shape uncertainties:
* Purity of genuine enhanced and fake enhanced

samples = € [1 % ,10%]
e Pile-up = 10 %

e Luminosity — 1.7 %

 Non closure uncertainty — € [0 % ,40%]
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_ Slightly displaced
muons
RNV2



L
, ‘m; € [80,520] GeV

14

Signature, SRs and background

110 < mp+p- < 200 GeV mlJ+|J- > 200 Gev
Signature: c 3
LLPs decaying slightly displaced in the ID in £
muons 3
: . O
—di-muon triggers _
— large impact parameter
SRs:
SR1:my.,- 2 120GeV — 0.6 mm < |d;| < 1.3 mm
SR2: m,4,- > 140GeV — 0.6 mm < |d;| < 3mm
0.6
0.3
0.1 |
0.10.3 0.6 3
Background: |do #+| mm 1o+ mm
B-hadron decays (bb — u*u"™) - --
— ABCD data driven method Naa — pydaia where N2 =-

Elena Pompa Pacchi - DIS2023 - BSM LLP in ATLAS - 30/03/2023
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Results:
No excess found over SM prediction

Background and results .

BaCkground eStimation validation: | | 104 1 ITMIT':' :llf]GlllflGll I LI I I I | I I ] L -
. N .. |
4 VRs for the 3 SRs— conservative L. | ATEAS Preliminary . ecieaiimis 110° E
: \s=13 TeV, 139 fb’ - . —_—
40% non-closure uncertainty L Seriadiainaled e 11058
aSS|gned 102 Displaced, PRL 127 051802 (2021)
Intermediate, this work = 104
10 Prompt, EPJC 80 (2020) 123 -
1413
@ — T T T T - 110
& ~ ATLAS Preliminafy t |Observed Data ) 1 :
“oo108 E—‘G=73 TeV, 139 b’ w Expected Background = =102
S e 10" 5
- P e —_ I
- ’ <10
20N -2 / =
102 m *T‘TI = 10 - N 1
- _$ b i 10°E E
- - 5 3107
10 & i — 10_4 -
— Set of Regions 1 Set of Regions 2 Set of Regions 3 Prompt
: : lllll L | L1 I L 11 | | I .| | I | | | .| l I | | L1 1
L i 100 200 300 400 500 600 700 800 900
S o s S ——— ———— mi, ) [GeV.
o A e = Comparison wrt other searches:
_05:_. ............................................................................. .................................................................. ._'; ] ]
vd v6 v6 Vv7 v8 v4 Vv6 v6 Vv7 v8 v4 Vv65 v6 V7 v8 * Dlﬁerent d() reqUIrementS

Region  Complementarity with ATLAS/CMS/LEP searches
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Uncertainties

Signal: Back d4
Offline quantities: mis-modelling of discriminators SR gOUner
- negligible « 40 % non closure uncertainty
Online quantities: mis-modelling of triggers

- <5%
Luminosity — 1.7 %

Theoretical (only xSec) — € [1.6 % ,3.9%]
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* Displaced leptons/
light hadrons
Al

2

(o)
Paper 24/06/2022



https://cds.cern.ch/record/2813387/files/2206.12181.pdf

Efficiency

—

ot
)

0.6

Displaced leptons/light hadrons

Signature:
LLP decaying after ID either in
muons/electrons/light hadrons

uDPJ

0.4 =

— ATLAS Slmulatlon
L YRR <
- —e— FRVZ(m ,m_ )=(125, 0.4) GeV; CtY—SO mm

— = FRVZ (m” m*’) =(800, 0.4) GeV; ct, =1

| —— HAHM (m m ) (125, 0.4) GeV, c'c _25 mm

ak -A-*-A—** .tQ:‘:*:t*
****t Py *‘

0.2}

ﬂDPJ_

0 mm

s
7 8 9
True v_ L,y [m]

0.8

0.6

0.4

0.2

cDPJ
. 1D
A EMCAL
B HCAL
B MS
o\
B L L DL L B
~ ATLAS Simulation CDPJ

y—>ee qg; ml <11

- —e— FRVZ (m m ) (125, 0.4) GeV, c*cY—SO mm
. = FRVZ (m", m’9)=(800, 0.4) GeV; ct,’=10 mm
—a— HAHM (rﬁ‘ rﬁ") =(125, 0.4) GeV:; cT, =25 mm

:.::i:

K3

—A— &

=
&=

b H

lll|lllllllllll|lll|lll|ll

True y_ L,y [m]

m, € [17MeV,10 GeV]l

Two Higgs production mechanisms:

ggF:
Triggers:
3 muons with pp > 6 GeV

Close-by muons
Narrow jets

3 SRs:
SRggF qRsgk SRggF

u+c’

WH:
Triggers:

Single lepton triggers
SSRS

SR 1 SR™

u+c’

SRWH

Elena Pompa Pacchi -

Background: ’

« QCD multi-jet (cDPJ)
Beam Induced Background (cDPJ)
* Cosmic ray background (#DPJ)

— Reduced using:
 ¢DPJ isolation, timing and Jet

Vertex tagger
* ML discriminants @

— Evaluated via:

 ABCD in empty bunches for
cosmic ray, subtracted from data

« ABCD data
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Comparison wrt partial Run2: Dark Photon Mass [GeV]

ML techniques
* |Inclusion of WH production method

1072

X :
+ Z
Displaced leptons/light hadrons {
0 - :
. S i i
(BIB) tagger based on 3D Cosmic ray tagger based on z, 17, p, S o
- - - . . . E 10" "Nl GRA T T A
calorimeter images trained on time of MS tracks in uDPJ trainedon = ¢ S
Signal and mUIti'jet MC (BIB data) S|gna| and cosmic data & i ATLAS - = = = Expected i
© RN IR R IR RN L IS I IR IR S SR I I I U B I I = 102 Vs=13TeV, 139 fb" -Eig:::i:, —
< 1 ATLAS Simulation = ATLAS - = FRVZmodel 0 eeeee SR™ obs s
= —— FRVZ (m,, m )=(125, 0.4) GeV 3 = S —— FRVZ (m,, m,)=(125, 0.4) GeV . C (m_m )=(125,0.1) GeV - - - - SR™ obs ’
g § ..... FRVZ (m m ) (800, 0.4) GeV - 5 \ ----- FRVZ (m m ) (800, 0.4) GeV i - 95% CL limits o SR obs FRVZ h
[ N - HAHM (m m)(12504)GeV I \ - -~ HAHM (m_, m )=(125, 0.4) GeV i 10-3 L C i ———
g 10~ === QCD multu -jet MC - }—E g 10_1 \ <= Cosmics (Empty BC) _ 1 10 102
Té’ ‘ f g § ct [mm]
8 . - 7 § _ _I:l-_- : w10-4 T [ B R I T R B | T T
s ERE T - 3 ATLAS E
= = = 1 —E=- - .
S NN ‘ 1 5§ 0 D \\\\\\‘ _ \\\ \\\\\\ - S\;/OE/=1(:;,LT|ev, 139 b1
\ , B % imits -
| 2 mu=125 GeV 3
RN - H-2yq+ X ]
_ 0 1 01 02 03 04 05 06 0.7 08 09 1 - vt ]
QCD Tagger Score Cosmic-ray Tagger Score 10°° 3 E
. — I B= 10.0% .
© L L L R R RS R I I 3 Results: i -g=i-g°f :
— — . . . B B= 1.0%
s ] ATLAS . No excess found over SM prediction 107 mm 8= 05% ~
= \ —— FRVZ (m_, m, )=(125, 0.4) GeV i . o - W B=0.1% -
s N FRVZ m, m,)-(E00,04) GV . — exclusion limits on free parameters - ]
b N - - HAHM (m, m )=(125,04) GeV - B= 10% EarlyRun — 2 displaced FRVZ -
§ 10—1 &\\ <<== Collision BIB dataset _',—_: Of the mOdels 10—8 _ —— B= 10% Run— 1 prompt —
= . - B a ol Lol Lol =
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