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Search for long-lived neutral particles decaying into Lepton-Jets with

the ATLAS detector in proton-proton collision data at Vs= 13 TeV

Abstract

‘ \' Several extensions of the Standard Model (SM) predict the existence of a dark sector weakly coupled to the visible one, via vector portal, i.e, through a long lived dark photon with mass
In the MeV to GeV range, which mixes kinetically with the SM photon. If the dark photon is the lightest state in the dark sector, it will decay to SM particles.
At the LHC, these dark photons would typically be produced with large boost resulting in collimated jet-like structures containing pairs of leptons and/or light hadrons: lepton-jets (LJs).
This work is focused on the search for Displaced LJs, produced far away from the interaction point. The most recent ATLAS results based on samples collected at a center of mass
energy of 13 TeV and integrated luminosity of 3.4 fb*, are presented. The results are interpreted in terms of the Falkowsky-Ruderman-Volansky-Zupan models where dark photons are
generated through the decay of a Higgs boson, produced via gluon-fusion.

1 Hidden Valley Falkowsky-Ruderman-Volansky-Zupan models

The Hidde_n valley (HV) is a new sector weakly coupled to the Standard Model (SM)'. et The FRVZ models describe a general interaction between SM and HV sectors, in which Higgs (125 GeV) or
heavy particles (or even H/W/ZIt) produced at the LHC may decay to HV and some hidden BSM Higgs boson (800 GeV) decays in a hidden sector fermion, finally producing two back-to-back LJs.[2]

particles like dark photon y_, may decay back to SM particles on measurable time scale. The 7y

lifetime is given by the kinetic mixing parameter € (103-10) and can become large, producing Parameters:
1.OOF= decays far away from the interaction point. Mp=5 GeV
0.70} Moreover, due to the small mass, the v, is m, = 0.4 GeV
050r efem L | highly boosted and it decays to collimated jet- My sp = 2 GEV

Em{,_ H”:dim : like structures containing pairs of ee*, yy*, 1 m, =2 GeV

020l *: the displaced Lepton-Jets (dLJ).[1]
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Branching ratio of y_ as a function of its mass

Event display of a
simulated production

of two dLs

* CaloRatio trigger

» Effect of pile-up on 3 p.

Reconstruction of Displaced Lepton-Jets * ABCD background estimation

This analysis only considers decays beyond the Inner Detector (or late in the ECal for LJ
TYPEZ2) and before the Muon Spectrometer. The y_ decay products are fully contained in

a AR = 0.5 cone.

* LJ muons are reconstructed as MSonly tracks, with no tracks associated in the Inner
Detector

* Overall normalization of integrated luminosity
* Narrow-scan trigger efficiency using Tag&Probe method
with J/P->uty
~ * Close-by muon reconstruction efficiency in MS, using
Tag&Probe method with J/Q->ptyr
* LJ electron and pions are reconstructed as narrow isolated jets with much less energy

deposition Iin Electro Magnetic Calorimeter (ECal) than Iin the Hadronic
Calorimeter(HCal). Then it is needed that the y_ decays at Hcal or at the end of ECal.

Discriminant variables and Background estimation

L TYPE1 | L TYPE2 Selection requires a logical OR of these ATLAS High Level Triggers:
5 4 'EDMCAL * Narrow-scan (NS): 2 MSonly tracks (p; > 20 GeV, p; > 6 GeV) in a AR=0.5 cone
O Q | E EACSAL  CaloRatio: jet with p; > 30 GeV and low EM fraction
d R \ | * Tri-muon (3mu): 3 MSonly tracks with p, > 6 GeV
_ / \ \\ { \\
Q _, NS+ 3mu for muon-LJs reconstructed as Msonly tracks (LJ TYPEO)
3 O CaloRatio for e/smt-LJs reconstructed as narrow, low EMF jets wo ID tracks (LJ TYPE2)
) () The search requires a pair of LJs in any of the possible combinations.
7% M | Q =
_ \ \ \ | \\\ Source of background:
LJ TYPEO: >2 MS tracks, no jets LJTYPEL: 21 jets, 22 MS tracks LJ TYPE2 jets no MS tracks

* Cosmic-ray muon energy deposits in calorimeters (for TYPE1 and TYPEZ2 dLJs): mis-reconstructed as jets
* Cosmic muon bundles (for TYPEO, 1): mainly concentrated in barrel

6 Conclusion and results * Beam-induced background (BIB) (for TYPE2): high-energy muon longitudinally crossing detector, with

BR(H- 2y +X) = 100%

Results with p-p collisions at Vs = 13 TeV (3.4 fb?): bremsstrahlung in HCAL barrel
* the search is largely model independent and for a general definition of LJs, found a set of * QCD multi-jet: vy, y+ets, tt, single-top, Drell-Yan e + e - / g + J - , Z/W+ets, diboson, heavy flavours
selection criteria to isolate the LJs sighature from the background
* set upper limits on non-SM Higgs boson decays to LJs according to the FRVZ models Cuts defined to optimize signal significance:
with a y, mass of 0.4 GeV - LJ isolation (3 p; of ID tracks belonging to primary vertex in AR=0.5 cone around LJ center, with p_>0.5 GeV)
» set 95% CL upper limits on the oxBR for H- 2(4)y, + X as a function of the y, mean * BIB tagging (Rejects BIB jets accompanied by ¢—matched muons parallel to beam pipe, TYPE2)
Iifetime » Jet timing (rejects mis-reconstructed cosmics and BIB, TYPEL,2) S O 17 "1 "1 T T T
— SM gluon fusion production cross section is assumed for the 125 GeV Higgs boson * Muon impact parameter: (rejects cosmic muons, TYPEO, 1) % 181 ATLAS Preliminary -
— conventional production cross section of 1.0 pb is assumed for the 800 GeV Higgs-like - Jet width (rejects QCD, TYPE2) o 16 1 .
. . x b 3.4f0", [s =13 TeV E
heavy scalar * Jet EM fraction (Rejects QCD, TYPE?2) S - - ° o E
Recent observation of anomalous internal pair creation in Be8 is interpreted as a possible T4 ]
signature of a light, neutral boson of 16.7 MeV decaying in ee* pairs from the dark sector.[3] | _ N 12 —
TYPE2-TYPE2 signal can be related to the framework of this "protophobic” boson assuming The data-driven method used to estimate the QCD multi-jet ol C B -
a 100% 800 GeV heavy scalar decay to 2y_ of 16.7 MeV mass contribution in region A, is the simplified matrix method ABCD, 8} | -
FRVZ model Excluded ¢t [mm)] FRVZ model Excluded ct [mm] . . — ]
BR0%) X BR =5 ph assuming that: s :
125 GeV Higgs — 2y, + X | 22<cr <1113 800 GeV Higes > 2y, + X | 0.6 <ct <63 * The multi-jet background is factorizable in 2D plane formed by 6 . -
125 GeV Higgs — 4y, + X | 3.8<cr <163.0 800 GeV Higgs — 4y, + X 0.8 <cT <186 - .. -
-~ ATLAS Preliminary 8 + ATLAS Preliminary sz and |A(p| 4:_ . . ) K - TP _':
- 34107, (s =13 TeV FRVZ 2y model = [ 34fb {s=13TeV FRVZ 4y, model _ - DL T A e 5
o | My =125 GeV . = 400 Mev el m, =800 GeV i) = 400 MeV * In the FRVZ models, LJs have high |Ag| and low } p; e ARt Sy
10°E & - = '.'.}' 3 . . -' . - l-': :
. The multi-jet background estimation is given by N,=N_xN_/N_. R A '1_'5“ — g = '21_5' il :',, '
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95% upper limits on the oxBR for the FRVZ 125 GeV H -2y +X (left) and BSM H - 4y _+X (right) FRVZ 042501
model as a function of the vy lifetime with TYPE2-TYPEZ2 events removed. The simultaneous fit is done
taking into account signal contamination in regions B, C and D.
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