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Displaced vertices

Dedicated searches
iIn calorimeter: 0.1 <c¢ct <10 m
IN muon system: c¢7 < 100 m
EPJC 79 (2019) 481

LLPs are predicted by various BSM theories, including supersymmetry,
hidden sectors, and dark matter models:

* mass scale is unknown and are very difficult to probe at particle
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ATLAS search for displaced vertices

Search for exotic decays of the Higgs boson to pairs
of long-lived neutral particles in the inner detector:
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Large Radius lracking

ATLAS has a new special tracking iteration, the Large Radius Tracking (LRT), which has now been made available for every event
(in legacy Run-2 it was applied to O(10%) of the events)
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x5 significance impact on

displaced vertex searches!!
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Analysis overview

Signature is characterised by the presence of two or more displaced jets that do not originate at the PV

Three search regions, targeting ZH, WH, and VBF production

modes:

e Events with at least 2 displaced jets and at least 1 matched

displaced vertex

e Signal (SR) and control region (CR) based on BDT
discriminant output and number of DVs

e Data-driven background estimation of the hadronic jets

main background, based on per-jet vertex matching
probability maps

 Material veto used to reject secondary vertices from
material interactions

Number of displaced vertices (nDV)
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Displaced DVs and jets

The reconstructed DVs are required to uniquely match the displaced jets in the event
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Background estimation

Per-jet vertex matching probability for a data-driven background estimate

Exploit the control regions to parametrise the background by deriving a per-jet probability map which quanitfies
the likelihood that a given jet is matched to a DV as a function of:

* BDT score
o pT
» Jet b-tagging score

Per-event probabillity is then computed from a multinomial distribution based on the jets in the event:
Hjet

P(1 DV )event = Z P(1 Dvlji)jel X H (I - P(] Dvljk )jel) P(2 DV )event = 1 — P(1 DV )eyent — P(0 Dv)event
i1=1 k#i

Applied as per-event weight to predict background distribution in 1DV and 2DV SRs



Events / bin

Data / Bkg

Results

No excess over background estimate observed
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Results

No excess over background estimate observed

Neutral

long-lived
scalar

] Background BR(H — ss — 4b) = 1%,

wh TeV, 37.5 - 140 fb™ 2/, Uncertainty 6(qq — Za) = 5x10° pb,
¢ Data BR(t — aq) = 0.1%, [m,,

- ] ) b 1-lepton 2-lepton VBF 1-lepton 2-lepton VBF
Axion-like particle = Npy = 1 Npy = 1 Npy = 1 Npy = 2 Npy = 2 Noy = 2
t—>aq production

-1
2 1? 5
™ 1 f;foyj Hw*éé/ %% (% //// /%/-/,% :
© 05
(4] | |
Q 09-1.0 0.9-1.0 07-10  07-1.0  0.7-1.0
Axion-like particle BDTJ. X BDTj
Za production ° ‘



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052013

ATLAS s =13TeV, 37.5- 140 fb™ . N
;5_' ' ' / = Observed
— serve
T g - - - Expected (+ o)
7 0 1 . |
T S T
T © f
T - /
m {101 =~ R 5 |
- 1 O E 1 0 X ) "' E
O : \] 'l =
.": _l “ 'O
E O \ R
: c)\o \ "'
— LO \ o’
© 102 F \i E
o~ X ~ ]
8 10—2 “~ "¢' Wa, ma = 40 GeV :
- Observed v — Wa, m, =55GeV
= = = Expected (+10) . Za, m =40 GeV
-+ = JHEP 11 (2021) 229 107 —Za, m, =55 GeV -
. - — -3 -2 -1
107 1072 107" 1 10 10 10 1CT m
CTs,a [m] ,a

Neutral long-
lived scalar

Observed limits

Axion-like particle
Za production

10

- Observed
= =+ Expected (7o)

95% CL Limit on BR(t — aq)
= =

.
<
w

m, = 40 GeV
— m, = 55 GeV

107 1072 10~ 1

Axion-like particle
t—>aq production



https://journals.aps.org/prd/abstract/10.1103/PhysRevD.101.052013

95% CL Limit on BR(H — ss — 4q)

Observed limits
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B(H—ss)

The big picture
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Conclusions

* New Large Radius Tracking in ATLAS opens up new possibilities for searches involving displaced
vertices, enhancing existing searches and enabling new ones

* The first new LRT ATLAS search for displaced vertices in the Inner Detector has been presented,
more LRT analyses will come out very soon... stay tuned!

» Great effort in developing new tools and strategies to improve identification and reconstruction of
long-lived particles pushing the detectors beyond their limits

* Run-3 and HL-LHC programmes offer a unique opportunity to plan, innovate and create new
unconventional searches yet to be explored
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