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Long-Lived and Unconventional Particles

. . . small coupling suppressed
No observation of new physics at LHC: searches designed to \ phase space
find prompt BSM particles! I — 92 ‘AQ‘ -
Need to design new strategies to probe BSM signals: / M
* new physics may manifest itself in unexpected ways, in the | \
, suppressed amplitude
form of non-standard signatures,

heavy mass
e well-motivated theoretical scenarios foreseen long-lived

particles, i.e. that the secondary vertices are

macroscopically displaced with respect to the primary
interaction point at which they are produced.

In this Talk

e Higgs Boson portal (ATLAS and
CMS)

e Stopped LLP in R-Hadrons (ATLAS)
A wide variety of BSM models (Hidden Sectors, RPV  LLP decaying insets and displaced

violating decays, Split-SUSY, AMSB, GMSB, etc.) predict the  Jjets (CMS)
existence of Long Lived Particles (LLP), new particle with
long life-time, enabling direct measurements.

M. Verducci PANIC 2021



Challenges in LLP Searches

» Unconventional signatures as long-lived particles | +eses NoUTra
. . HSCP displaced |== charged
(LLPs) have unusual and unique signatures, extremely dlepton |=— any charge

challenging due to the non-standard final topologies.

» The signal event reconstruction and selection, as the ;o0
background estimation, use dedicated and very track
specialised techniques.  CEEPEDY

displaced
lepton

o Detector-signature based search. Experimentally very | - i {
diverse, depending on particles’ properties (dE/dx, Time- displaced MR\Z A
of-flight, displaced vertex ) i thus LR

e May require customised trigger and self-made objects . displaced
reconstruction algorithm ' Pog/ PO
e Requires non-standard analysis strategies and tools &,  BSM
B lepton
) - | B quark
e Non-standard background (cosmic-ray muons apd B.eam displaced ¥ Seplaced ohoton
Induced background), generally data-driven estimation vertex corversion | Manything

M. Verducci PANIC 2021 Credits: J. Antonelli 4



Non-Collision Backgrounds R Eaiis

Run 306147 RECONSTRUCTION
Event 16519

2016-08-11 21:51:33 CEST

The term non-collision backgrounds refers to signals seen in the
detector which have not been produced by normal collisions of

COLLISION
RECONSTRUCTION

the LHC beams.The main components are beam-inducead

backgrounds (BIB) and cosmic-ray showers.
These events are an important background source for searches
with mostly displaced objects.
e Cosmic-ray
e trigger on EMPTY bunch (no protons are present in the 1303.0223

two beam in the collision window, i.e. Bunch Crossing BC) Qﬁ&'!,!hﬁé

e Key observables: Muon track with large impact parameter,

muons coming from surface (time)
e BIB
e trigger on UNPAIRED bunch, where protons are
present on one beam only per BC

lllllllllllllllllllllllllllll

tjet [ns]

e Key observables: longitudinal energy deposition
in calorimeter with wrong corrected-time

M. Verducci PANIC zuz i


https://link.springer.com/article/10.1007/JHEP07(2021)173

Exotic decays of the Higgs boson into long-lived particles
using displaced vertices in the ATLAS inner detector

2107.06092

ATLAS

EXPERIMENT

I

Simulated ZH signal event with H— aa— bbbb



https://arxiv.org/abs/2107.06092

Exotics Higgs Boson decay to 4b

/-
Model: Production of a Higgs boson in association with a q o+
eptonically decaying Z boson. Higgs decays into pairs of long-
. . . . b
ived neutral particles, each decaying into a bottom quark pair. i
q < ’
Signature predicted by BSM models where exotic Higgs decays: LILp ¢ \< b
* Top-down theories: Neutral naturalness b
® Bottom-up scenarios: Dark sectors, SM+scalar Displaced Vertices DV
Benchmark signal samples a boson is neutral and
e Pseudoscalar boson a with 16<mg <55 GeV , decays exclusively into
* Life time 10mm<cta <1m [ b: this is not used in the
e Yukawa-like branching ratios: , vsi | h
— Br(a = bb) = 100% 2 ‘ =Y analysis to enlarge the
KA 1) sensitivity.

M. Verducci PANIC 2021 6



Analysis Strategy

Preselection

e | owest-threshold unprescaled single-lepton (e, ) triggers: leptons

from Z decays for high efficiency

* prompt high-pt lepton, at least one jet with low pr-fraction of

matched tracks associated to PV.

Special processing: events are preselected when processing RAW
data, then reconstructed with dedicated configuration sensitive to

LLP vertices

e dedicated tracking (Large Radius Tracking - LRT): Standard track

cuts on transverse (d%) and longitudinal (z0) impact parameters
with respect to the IP remove displaced decay (large impact
parameters). Dedicated second pass of the tracking is run on
leftover hits from the standard track but with looser cut on d° and

z0 algorithm.

e dedicated displaced vertex (DV) reconstruction: Secondary vertex
reconstruction seeded by pairs of tracks with additional cuts.

M. Verducci
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https://cds.cern.ch/record/2275635?ln=en
https://cds.cern.ch/record/2669425?ln=en
https://cds.cern.ch/record/2275635?ln=en
https://cds.cern.ch/record/2669425?ln=en

Analysis Selection

Offline Event Selection
® Reconstruct Z decay:

* two opposite-sign, same-flavour leptons

e 66 <m;< 116 GeV
e at least two jets pt> 20 GeV

Additional cuts applied to reduce background:

e vetoing vertices in regions with inert material to reduce

hadronic interaction

e Nyk = 3 to remove metastable SM resonances as KsO or A0

e "Reduce mass” m/ARmax > 3 GeV to remove vertices

from random crossings

* AR(vtx,jet) < 0.6 to facilitate background modelling

M. Verducci
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Results

Zero events observed in signal region.

Limits set for 10% branching ratios:

¢ mg=16(55)GeV excluded 3.7
(5.4) <cta<37 (102) mm
e ma <40 GeV, these are the most

stringent limits to date in this
lifetime regime

—

o
[
—_

()]
5 O & ATLAS
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10° ZH. H = aa S Bkg. prediction
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103 B m, = 16 GeV SN 1 ATLAS calorimeter
= ek Gov CR+(MS1+MS2) : (CR) and muon
ARt j m, = 5 GeV - spectrometer
10" EE: Prompt ---m,=8GeV —=
N e --®- m, =20 GeV m, = 15 GeV = (MS1+M82)(Eur
(0 ..e-m,=30GeV m, = 25 GeV 1 Phys.J.C79(2019)
5L : --@-m,=60GeV ---m, =40 GeV _
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10* 10° 102 107" 1 10 10> 10°
Mean proper lifetime ct, [m]

X MS new result p !

(Displaced vertex in MS) S =z
Higgs boson or lower/higher-mass scalar

P f
Analysis with a
dedicated trigger

(Muon-Roi Cluster) and
DV in MS algorithms. o

boson decays into LL neutral particles pairs,

each decaying into a fermion pair.
Model excluded at 95% CL tor LLP proper
ifetimes ranging from 4 cm to 71.3 m.
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http://cdsweb.cern.ch/record/2777238/files/ATLAS-CONF-2021-032.pdf

Search for long-lived particles decaying in the CMS endcap

muon detectors in proton-proton collisions at vs=13 TeV

CMS Simulation Supplementary

CMS Simulation Supplementary

CMS Collaboration



http://arxiv.org/abs/2107.04838

Exotics Higgs Boson decay to pair of long-lived particles

Model: SM Higgs boson H decays to a pair of neutral long-

lived scalars (S), each of which decays in turn to a pair of /
bottom quarks (bb ), T leptons (7+1-), or down quarks (dd ). P . S _- 3
Signature interpreted by a simplified model motivated by the P S\\\ — 9
twin Higgs scenario. q

Benchmark model:
This search has sensitivity to singly or

multiply produced LLPs decaying to
final states including hadrons, taus,
electrons, or photons.

* The Higgs boson mass is setto 125 GeV
e Smass(ms )issetto 7, 15, 40, or 55 GeV.
e Lifetime Tmm<ct <100 m

M. Verducci PANIC 2021
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Analysis Strategy

A new technique is employed: the muon detector is used as a

sampling calorimeter to identify showers produced by decays of LLPs

Event Selection

* triggering on events with pmissy > 120 GeV, offline pmissy > 200 GeV.

* at least one jet with pt > 50 GeV and |n| < 2.4 (from ISR)
W and top decays)
e Final Observables: number of hits in the cluster Nhits>130 and the azimuthal angle between

e \Vetoed isolated electrons or muons (suppressec

the cluster location and the pmisst , A¢p<0.75.

The main SM backgrounds: punch-through
ung,

jets, muons that undergo bremsstrah
and decays of SM LLPs (neutral kaon
Main systematics: higher order QCD

<OL).

corrections (21%), cluster reconstruction and

identification efficiency (6%)
M. Verducci
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https://twiki.cern.ch/twiki/bin/edit/CMSPublic/GeV?topicparent=CMSPublic.SummaryPlotsEXO13TeV;nowysiwyg=1

Search for long-lived particles decaying to jets with
displaced vertices in proton-proton collisions at Vs=13 TeV

2104.13474

CMS Collaboration



http://arxiv.org/abs/2104.13474

Displaced Vertices in CMS

Model: This search targets pairs of long-lived particles with mean
poroper decay lengths between 0.1 and 100 mm, each of which decays
into at least two quarks that hadronize to jets, resulting in a final state
with two displaced vertices.

Signature interpreted by two R-parity violating supersymmetry models:

e Multijets final-state: lightest SUSY particle (LSP) is a pair of long- p

lived neutralino or gluino :
d

® Dijets final-state: LSP is a pair of long-lived top squarks -

-

-
-

} d
Benchmark model: _\-
d

P
* | | mass range 400-3000 GeV
o Life time 0.Tmm<cTa <100 mm

e_—f-zl\rﬂ

The results may be applied to other models in which

pairs of long-lived particles each decay into two or more
jets in their final state

M. Verducci PANIC 2021



Analysis Strategy

Event Selection

e Trigger requiring Hy > 1050 GeV, where Hr is the scalar sum of the jet
ot for jets with pr > 40 GeV and |n| < 2.5

e Offline cut on Hr > 1200 GeV
* at least four reconstructed jets, each with pt > 20 GeV and |n| < 2.5.

e Two displaced vertices

* at least five tracks per vertex in order to suppress main background
from SM multijets and pair top quarks.

e Discrimating observables: distance between two vertices in the x-y
plane, defined as dyyv, and dgy distance between beam pipe and
vertex

Improvements over previous results due to e.g. new technique to
suppress background vertices from accidental track intersections
reduces overall background by 40%.

Main systematic due to background template.

M. Verducci PANIC 2021
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Results

CMS 140 fb' (13 TeV) , CMS 140 fb' (13 TeV) ,
71§ — tbs —— Observed + 16, = 0 § t — dd —— Observed + 10, = 0 §
3000 SETEY CMS disp. jets () ~ ===: Expected =10, E (\T’ _ 3000 SETEY CMS disp. jets -==: Expected + 10,,, E c\\l"
= Q> Q
g - © 8 ) ©
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For the long-lived gluino, neutralino, and top squark in the RPV models described,
pair-production cross sections larger than 0.08 tb are excluded for masses between
800 and 3000 GeV and mean proper decay lengths between 1 and 25 mm.

M. Verducci PANIC 2021



Complementary results

_Moriond 2021 132-140 b (13 TeV
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A search for the decays of stopped long-lived
particles at V¥s=13 TeV with the ATLAS detector

JHEP o7 (2021) 173

ATLAS

EXPERIMENT

m(g) = 1400 GeV
Am = 500 GeV

Simulated signal event

Cosmic
RECONSTRUCTION

1400 GeV gluino and a 500 GeV mass splitting



https://link.springer.com/article/10.1007/JHEP07(2021)173

Stopped Long-Lived Particle

Model: Production of a gluino that interacts with the strong

nuclear force and form a composite state called an R-hadron.

Signature predicted by “mini-split” SUSY models, where a
large mass difference between SUSY particles induces a large

L —
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10E
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https://atlas.web.cern.ch/Atlas/GROUPS/PHYSICS/PUBNOTES/ATL-PHYS-PUB-2019-019/

Analysis Strategy

This analysis looks for energetic sprays of hadrons

entering tr

e calorimr

detector d

uring “emr

eter systems of tr

oty bunch crossir

e ATLAS
gs’ -time

intervals in which no proton collisions are expected
from the LHC.

e This “late” dataset leads to a unique style of data
analysis and non-standard backgrounds as cosmic

muons and BIB.

Event Selection

Live fraction

* Trigger on jets in empty bunch crossings
o MET > 50 GeV, jet pT > 55 GeV

o Offline: leading jet pT > 150 GeV, PV and muon veto
 Two signal regions:

* jet|n| < 0.8 (SRC), jet |n| < 2.4 (SRInc)

M. Verducci
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Main Backgrounds

¢ Cosmic muons
leave high energy
deposition close to
its track.
® Require a muon
track
* Reject events

with a < 0.2
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Exclude gluino masses up to 1.4 TeV in
the litetime interval (~10-5to 103 s) and
up to 1.0 TeV for lifetimes of 100 ns and
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Conclusions

Searches for long-lived particles provide a nice playground for both theorists and experimentalists.

* The unconventional searches are extremely challenging,

requiring:
. . .« el oarticle Displaced leptonic vertices comceg Credits:
e Self-made objects reconstruction and triggers el e Dspacea_Credits
* non-standard analysis strategies and tools —— charged paric
wee®™  highly ionizing particle isplace
 Non-standard backgrounds I jeta mthe ID
. —> muon Disappearing
Both ATLAS and CMS conduct a rich and coherent photon racks
orogram of unconventional searches to test different Soomed LLPe ihe Calorimeter
: NOT IN FILLED )

signatures an d models BUNCH TR " e W

CROSSING o BT # Fi

s
~
-~
.
.
..

* The results presented explored full Run-2 LHC Data o
ate photons

Taking 2015-2018 data \
* no significant deviation observed gty onisiy,

e Great effort to extend our experimental reach in Run3!

Displaced jets
in the MS

(Meta-) Stable

Displaced Lepton-jets

 Gharged LLPs

particles
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Public Results )

» All ATLAS public results:
» ATLAS: https:/twiki.cern.ch/twiki/bin/view/AtlasPublic/WebHome
» CMS: http://cms-results.web.cern.ch/cms-results/public-results/publications/

» EXOTICS specific results:
» ATLAS: https://twiki.cern.ch/twiki/bin/view/AtlasPublic/ExoticsPublicResults
» CMS: https://twiki.cern.ch/twiki/bin/view/CMSPublic/PhysicsResultsEXO

» SUSY specific results:
» ATLAS: https:/twiki.cern.ch/twiki/bin/view/AtlasPublic/SupersymmetryPublicResults
» CMS: http://cms-results.web.cern.ch/cms-results/public-results/publications/SUS/index.html
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ummary Plots

ATLAS Long-lived Particle Searches™ - 95% CL Exclusion ATLAS Preliminary

Status: July 2021 [Ldt=(184-139) "  5=8,13TeV
Model Signature  [Ldt[fb'] Lifetime limit Reference
T T 1T T TTIT1T T T 1 T TTIrr T T 1 T TTT1T1 T T 1 T TT1T17T T T 1 T TT1T17T T LI B |
RPV t — uq displaced vtx + muon 136 t lifetime I I I 0.003-6.0 m I m(t)=1.4 lTev 2003.11956
RPV ,\/2 — eev/euv/uuv displaced lepton pair 32.8 X‘I’ lifetime 0.003-1.0 m m(§)=1.6 TeV, m(y?)= 1.3 TeV 1907.10037
GGM Y - ZG displaced dimuon 32.9 ,\/[1’ lifetime 0.029-18.0 m m(g)=1.1TeV, m(x°)= 1.0 TeV 1808.03057
GMSB non-pointing or delayedy 20.3 ,\/‘1’ lifetime — SPS8 with A= 200 TeV 1409.5542
GMSB? — ¢G displaced lepton 139 ? lifetime 6-750 mm m(f)= 600 GeV 2011.07812
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AMSB pp — iy, x{x7  disappearing track 136 let lifetime 0.06-3.06 m m(x7)= 650 GeV ATLAS-CONF-2021-015
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Split SUSY 0¢,2-6jets —+—E$1iss 36.1 g lifetime 0.0-2.1 m m(g)= 1.8 TeV, m(x9)= 100 GeV | ATLAS-CONF-2018-003
H-ss ID/MS vix, low EMF/trk jets 36.1 | s lifetime 0.12-116 m  m(s)= 25GeV 1911.12575
VH with H — ss — bbbb 2( + 2 displaced vertices 139 s lifetime 3.6-62 mm m(s)= 25 GeV 2107.06092
FRVZ H — 2y + X 2 e—, u-jets 203  [[aliielimel 0-3 mm m(yq)= 400 MeV 1511.05542
FRVZ H — 2y4 + X 2 u—jets 36.1 | v lifetime 1.5-307 mm m(yq)= 400 MeV 1909.01246
FRVZH — 4yqs + X 2 u—jets 36.1 74 lifetime 3.7-178 mm m(yq)= 400 MeV 1909.01246
H— ZyZ4 displaced dimuon 32.9 Z4 lifetime 0.009-24.0 m m(Z4)= 40 GeV 1808.03057
H—- ZZ4 2 e, it + low-EMF trackless jet 36.1 Z, lifetime 0.21-5.2 m m(Zy)= 10 GeV 1811.02542
$(200 GeV) — ss low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.41-51.5m o x 8= 1 pb, m(s)=50 GeV 1902.03094
®(600 GeV) — s s low-EMF trk-less jets, MS vtx 36.1 s lifetime 0.04-21.5m o x 8= 1pb, m(s)= 50 GeV 1902.03094
®(1TeV) » ss low-EMF trk-less jets, MS vix 36.1 s lifetime 0.06-52.4 m o xB=1pb, m(s)=150 GeV 1902.03094
N — W¢ displaced vtx (uu or ue) + u 36.1 N lifetime 0.44-37 mm m(N)=5 GeV, LNC 1905.09787
I N - W¢ displaced vtx (uu or ue) + u 36.1 N lifetime 0.64I-22 mm | I l m(N)=5 GeV, LNV 1905.09787
IR AT AT AT 3 gl 3 a1
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Vs=13TeV  ys=13TeV
partialdata fulldata 1 IIIIII 1 1 | ] IIIIII ] 1 1 IIIIII | | [ IIIII' 1 [ 1 [ ] IIIIII 1 [ 1 1 1 1
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d . *Only a selection of the available lifetime limits is shown.
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RPV UDD, g-tbs, mz = 2500 GeV
RPV UDD, §-tbs, mz = 2500 GeV
RPV UDD, t-dd, mi = 1600 GeV
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RPV LQD, t-bl, m; = 600 GeV
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Summary Plots

Overview of CMS long-lived particle searches

CMS Preliminary
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Selection of observed exclusion limits at 95% C.L. (theory uncertainties are not included). The y-axis tick labels indicate the studied long-lived particle.
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Exotic decays of the Higgs boson into long-lived particles
using displaced vertices in the ATLAS inner detector

2107.06092

ATLAS

EXPERIMENT

I

Simulated ZH signal event with H— aa— bbbb



https://arxiv.org/abs/2107.06092

Displaced Vertex: quality cuts

® Secondary Vertex
® Required Hits

O Allowed Hits

+ Forbidden Hits

o

Pixel Layer-2 Track
Pixel Layer-1
Pixel B-Layer
T A0
IBL v
el A

M. Verducci

Track
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Selection type Reguirement
Track pruning Id([))vl < 0.8 mm
|z(I))V| < 1.2 mm

O'(d(I))V) < 0.1 mm
O'(Z(I))V) < 0.2 mm

Vertex preselection

Xz/nDoF <3
r < 300 mm
1z] < 300 mm

pass material veto

Vertex selection

Nk > 2

m/ARmnax > 3 GeV
r/o(r) > 100
max(|dp|) > 3 mm
ARjet < 0.6

30



Displaced

vertex in MS

Model: Production of a Higgs boson or

lower/higher-mass scalar boson decays

. . . . s _ L
into long-lived neutral particles pairs, each P ez
decaying into a fermion pair. ;°=o< f

Interpret model: Scalar portal Model

Benchmark signal samples

e Pseudoscalar boson a with 5<ms <475 GeV
e Lifetime 0.1Tm<cTs <bm

e Yukawa-like branching ratios to fermions

Event Selection

e MuonROI Cluster
e at least one PV wit

o At least one MS DV matching the muon-ROl trigger

cluster
e Cuts on muon hits

M. Verducci

rigger

n two tracks with pt > 500 MeV

and isolation criteria
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MS Selection Criteria

Event passes Muon Rol Cluster trigger

Event has a PV with at least two tracks with pt > 500 MeV

Event has at least one MS DV

MS DV matched to the triggering muon-Rol cluster (AR(DV, Rol cluster) < 0.4).
In the case of two muon-Rol clusters, the second vertex should be
matched to the second cluster.

Barrel Endcaps

MS DV with |n,.| < 0.7 MS DV with 1.3 < |n,,| < 2.5

M5 DV with 3m < L,,, < 8m MS DV with L,,, <10m and 5m < |L,| < 15m

NRpC Z 250 nrac Z 250

Isolation requirements Barrel Endcaps

High-p track isolation (pr > 5 GeV) AR > 0.3 AR > 0.6
Low-pr track isolation (ZpT(AR < 0.2)) XZp1t <10GeV Zpt < 10 GeV
Jet 1solation AR > 0.3 AR > 0.6
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Search for long-lived particles decaying to jets with
displaced vertices in proton-proton collisions at Vs=13 TeV

2104.13474

CMS Collaboration


http://arxiv.org/abs/2104.13474

M. Verducci

Systematics

Systematic effect Dijet uncertainty (%) Multijet uncertainty (%)
Vertex reconstruction 1141 1-36
PDF uncertainty 1-8 1-8
Integrated luminosity 2-3 2-3
Jet energy scale 5 5
Jet energy resolution 2 2
Pileup 2 2
Trigger efficiency 1 1
Changes in run conditions 1 1
Total 1342 /=36
Systematic uncertainty (%)

Systematic effect 0-04mm 04-0.7mm 0.7-40mm
Closure in 3-track control sample 10 14 50
>5-track template normalization factor 24 24 24
Difference from 3-track vertices to >5-track vertices:

Modeling of vertex pair survival efficiency 9 20 25

Modeling of A¢vyy 3 6 6

Variation of b quark fraction 1 3 6
Variation of b tagging correction factors 0.5 0.5 1
Total 28 35 61

PANIC 2021
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Background Template
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Search for long-lived particles decaying in the CMS endcap

muon detectors in proton-proton collisions at vs=13 TeV

CMS Simulation Supplementary

CMS Simulation Supplementary

CMS Collaboration


http://arxiv.org/abs/2107.04838
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Results

Limits set on the branching fraction B(h9—SS) as a function of cT for

the S decays
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A search for the decays of stopped long-lived
particles at V¥s=13 TeV with the ATLAS detector

JHEP o7 (2021) 173

ATLAS

EXPERIMENT

m(g) = 1400 GeV
Am = 500 GeV

Simulated signal event

Cosmic
RECONSTRUCTION

1400 GeV gluino and a 500 GeV mass splitting



https://link.springer.com/article/10.1007/JHEP07(2021)173
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The ATLAS detector (HL-LHC Upgrade)

TDAQ upgrade

=» Increased latencies and rates

Proposals for adding in forward

regions a muon tagger and a
timing detector

Inner Detector: full
replacement by a
all-silicon one
(165m2), extending
up to Inl=4
At most 1.75 Xg

Muon Detectors Tile Calorimeter Liquid Argon Calorimeter

Muon readout and
trigger upgrades.
New Barrel trigger
layer.

New end cap inner
Muon station (nSW)
(Phase I)

ATLAS

Detector
Upgrade for

Toroid Magnets Solenoid Magnet SCT Tracker Pixel Detector TRT Tracker HL LH C

LArg: new FrontEnd and BackEnd electronics for faster readout

High granularity LAr (Phasel)
Tile Calorimeter : upgrade of electronics and HV distribution
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BIB in ATLAS

Interactions between beam protons and
beam collimators upstream of the IP
are a source of high-momentum
muons, denoted beam-induced-
background (BIB) muons, that can
enter the ATLAS detector nearly
parallel to the beam axis. Most MS
tracks and jets generated by this process
are identified and rejected.

M. Verducci
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Dark Photons

+ Inclusive search for Dark Photons (A') in uu only with LHCb 2016
dataset

<+ The model predicts A’ light, produced as y*
+ Two searches: prompt and displaced muons

{

. . . . . , a Sy > .
+ Large fraction in forward region, very soft pT. Online reconstruction of ISR SRR Drell-Yon

candidates, no pre-scale down to threshold 2mu. Isolation cut applied
above 1 GeV/c.

+ Backgrounds from same sign y, fits to IP X2 ol — — ————
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M. Verducu:

Dark Photons

:q, Thaler, Williams, Xue [1603.08926]
er, Williams, Xue [1509.06765]

Mike Will‘ims 10
@ LHCP 2018 Iy [ GeV ]

ATLAS/CMS limits shown here assume B(H—fpfp)=10%.
ATLAS [1511.065542]1 (see also 1505.07645.CONF-2016-042). CMS TPAS-HIG-16-0351.
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