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ATLAS: Search for magnetic
Monopoles

Search for stable monopoles: 5000x more ionisation loss
than proton

Signature: high ionisation in Transition

RadiationTracker

but narrow signature in EM calorimeter
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(2019) MCPs are highly ionising, and thus generate

an abnormally large ionisation signal, dE/dx
ATLAS: I\/Iu\tl—charged LLPs - Use control sample of Z—pp
Charges are ze

Upper limits and theoretical cross-sections
as functions of the lepton-like MCP’s mass
for several values of z between 2 and 7

Phys. Rev. D 99, 052003
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. ' § % uDPJ-uDPJ channel :% § ubDPJ - uDPJ channel
ATLAS: LLPs to light hadrons
1 ; m, =400 MeV % E m, =400 MeV
or collimated leptons
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CMS: Search for
SIMPs with trackless jets

CMS-PAS-EXO-17-010

Jets with
- Not only WIMP but also . no tracks!
SIMP can be displaced DM //
+ Repulsive SIMP-nucleon q X
couplings to avoid bound states

A 16.1 fb' (13 TeV)
10 E | | | | | | | | | | | | | | | | T T -

- SIMPs (x) produced via mediator () and interact

: - CMS SIMP m, = 1GeV (x10°)
Stqugly Wlth SI\/ i Simulation —— SIMP m, = 100GeV (x10°) |
- Simplified model (1503.05505) has couplings r Preliminary  — SWPm, = EEVHA0)

QCD simulation

which result In hadronic showers that start and
are contained in the HCAL

- SIMPs have small fraction of their energy from
charged particles.

- Use charged energy fraction (ChF) as the primary j :
discriminator against background! 107 & \“”Hﬂ -
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7 | Federico Leo Redi | Ecole polytechnique fédérale de Lausanne


https://lphe-web.epfl.ch

Number of events

MC truth
1/2-leg

CMS: Search for
SIMPs with trackless jets

CMS-PAS-EXO-17-010

- MC closure test validates the procedure (differences used as input for syst uncertainty)

- In the search region with ChF < 0.05, zero data events observed

- SIMPs excluded for masses up to 900 GeV!
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CMS: Search for long-lived particles
decaying to jets with displaced vertices

| CMS-PAS-EXO-19-013

—xtension of Phys. Rev. D 98, 092011 (2018) now with the full Run 2 dataset (+ the upgraded
CMS Pixel Tracker)

Model independent search: LLP decay points as two displaced vertices (HT trigger; require HT >
1200 GeV and =4 jets)

Interesting appendix available to facilitate |
CMS Preliminary 140 fb™ (13 TeV)

T—dd —— Observed = 10,

CMS Preliminary 140 fb™ (13 TeV)

o
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o
N
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>
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T 2500
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Distinctive topology of displaced tracks

CMS-EXO-19-021

CMS: LLPs to displaced jets

and displaced vertices associated with a

dijet system (so SV a la

HCDb)

Specialised triggers, MVA, variables...
Using Nuclearinteraction-veto-map

(again a la

HClb material veto)

—xotic decay of 125GeV Higgs : SM
—iggs decays to two long-lived scalars in

the hidden sector, each of them then
decays to a guark-antiquark pair

Higgs as a portal to the hidden/dark

sSector
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§
Phys. Rev. D 100, 112003 (2019) b q A

CMS: LLPs to delayed photons TG
“~<_. X1 _..°G
P — N\_\'
d g
Search for long-lived particles (LLP) decaying to a photon q
and a weakly-interacting particle
REEEEEEEEE L L L
- A benchmark scenario of supersymmetry (SUSY) with " GMSB SPS8 -
gauge-mediated SUSY breaking (GMSB) is employed 10° T e e T

ATLAS observed 20.3 fb™ (8 TeV), vy
CMS observed 4.9 fb™ (7 TeV), vy

Specialized triggers and dedicated photon reconstruction
and identification criteria are used 102

N

Difference between the search selections for the 2016 and £ )
2017 data sets, because of the introduction of a targeted 5 10
LT algorithm implemented for the 2017 data set

Results interpreted as GMSB neutralino production cross 1
section, shown as functions of the neutralino mass, or
equivalently the SUSY breaking scale, A, in the GMSB SPS8

model, and the neutralino proper decay length 19100 150 200 250 300 350 400 450 500 550 600
M%o (GeV)
IIIII|IIIIIIIII|IIIIIIIII|IIIII1IIII|IIIIIIIII|IIIIIIIII|IIIIIIIII|III
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Phys. Lett. B 797 (2019) 134876
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L HCb and CMS complementarities
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CERN-LHCC-2014-016

LHCB-TDR-016

| HCb Trigger

ower Iuminosity (aﬂd low pi|e—up) Present trigger LHCb Upgrade Trigger Diagram
. 30 MHz inelasti t rat
~1/8 of ATLAS/CMS in Run 1
~1/20 of ATLAS/CMS in Run 2 .
. LO Hard Tri : 1 MH
Run 2: read::lt:’v:i;eh Errl?gre l;ignatu:es
Full real-time reconstruction (since 100 kH 150 kH
2015) for all charged particles with pr >

Buffer events to disk, perform online

05 Ge\/ . . detector calibration and alignment

We go from 1 TB/s (post zero displaced tracks,vertices and dimuons

suppression) to 0.6 GB/s (mix of full + e mm—  [add offine precision particie identifcation

par“al eveﬂtS) detector calibration'and alignment and track quality information to selections

: Oytput full fevent infor|_11ation for inclusive
Run 3: Full offline-like event selection, mixture ;r:igngs:;’v::lt?cgeesrf:f Z)C(Icl:cllt?:slse :r?:ggf;ated
. of inclusive and exclusive triggers
LHCb will move to a hardware-less L I
readout system for LHC Run 3 12.5 kHz (0.6 GB/s) to storage L S D SRR

(2022-2024), and process 5 TB/s Iin
real time to ge’[ 10 GB/s to St()rage Federico Leo Redi | Ecole polytechnique fédérale de Lausanne | 14
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| Eur. Phys. J. G 77224

Radial position of vertex

o — Data 7 TeV
,\104 LHCb . LV38 10ps
Higgs— LLP—p+jets / 1 = , 38 sops
W 107 [ VELO RF e)
- : -
. . . .2 CEMULT L foil
Massive LLP decaying — p+jets 2 10 - ]_
Single displaced vertex with several tracks 210
and a high pr muon; based on Run-1 dataset - |
.Droduct.ion of D. Cogld come e.g. irom Higgs 0 5 10 15 0
ke particle decaying into pair of S LLP Ry, [mm]

myLp=[20; 80] GeV and tLLp=[5; 100] ps

Background dominated by QCD g oF ELELELELEL e f E ¥
No excess found: result interpreted in varioL =~ & TN ‘ /
models 5 F il A 18 |
) < o —
X7 | d -1 Bl i 1
H(].25) e e 20[- ' 4 =z
- "::: ““““““““““““ -500 0 500 1000 !
. z [mm]
“A ,
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LHCb-CONF-2018-006

Minimum B

excluded at 95% CL
| . 50 % e 1.0%
nggS_’LLP_’U-HeJ[S / 2 205% Wl 05 Y%
10 % e 0.1 %
B - % B 005 %
I 20% oo 0.02%
8 LHCDb reachable LHCb reachable LHCDb reachable
. 60- :
o i
= '
H0-
4(0)-
LHCDb results
30 —(Lodt = —1
20 - |||||||‘HHH
104 108 102 O 0-Y 107 1072 'N'O' 00 107 1072 'N'O' 0" 107 1072 O 10-1
X1 ¢T |m] X1 €T |m] X1 ¢T |m] X1 €T |m]
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Higgs—LLP—=p+jets / 3

LHCb-CONF-2018-006

LHCDb reachable

|
— ‘ W!

A

10~ 1073 "16—2'14;i6—1'
X1 €T [m]

BR(Higgs—LLP+LLP) < 2 %

30+

20

LHCDb reachable

1074

103 1072

i
X1 €T [m]

LHCDb dataset

BR(Higgs—=LLP+LLP) < 0.5 %

Published Run 1
at 2 fb~!

23 fh~!
50 fh~1
300 fb~!
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PRL 120 (2018) 061801

PRL 124 (2020) 041801

Searching for Dark Photons / 1

Search for dark photons decaying into a pair of muons

Used 8.5 fb-1 of Run 2 LHCb data (13 TeV) £

Prompt results

107> } *

Kinetic mixing of the dark photon (A) with off-shell photon (y+) |
oy a factor €: P

prompt-like A’ search [ 1LHCDb (2016 data)

A’ inherits the production mode mechanisms from vy - |

BaBar+KLOE+CMS _

=T ]
e — |

10

Displaced results m(A') [GeV ]

A’ = ptu- can be normalised to v+ = ptu- 90% CL upper limit on ng[m(A4"),e%] / n&[m(A),€?

1078

N

No use of MC — no systematics from MC — fully »
data-driven analysis

I ' ' I

. . . 10~
Separate y+ signal from background and measure its fraction

Prompt-like search (up to 70 GeV/c?2) — displaced search
(214-350 MeV/c?) 107"

!/ . " N/ " . . : I : : ' : : : ' ' ' :
A’ Is long-lived only if the mixing factor is really small 550 300 350

No significant excess found - exclusion regions at 90% C.L. m(A) [MeV]

O = N W H LN Q9 0O =

‘)
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Taken from |. Kostiuk's talk

JHEP 10 (2020) 156

| ow-mass dimuon resonances / 1

J Non-minimal searches, example signatures:

Inclusive Prompt Displaced pointing
+ no isolation N ut
requirement g /

+ non-zero width S ) DSS —~

considered g
Prompt + b-jet Displaced non-pointing

ut

+ non-zero width _ut
considered e

b-jet N
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pr [ GeV ]

pr [GeV]

Taken from |. Kostiuk's talk

JHEP 10 (2020) 156

L ow-mass dimuon resonances / 2

d Upper limits at 90% CL on o(X — uu)

Inclusive prompt

50
10 M M
LHCb
1
[ GeV |

Beauiy associated prompt

50
10 | I
LHCb
1
| GeV |

Inclusive displaced

=100 fb

pr [ GeV ]

10tb

0.3 0.5 1 3
m(X) [ GeV ]

Beauty associated displaced

100 tb

10 tb

1tb

03 05 1 3
m(X) [ GeV |
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JHEP 10 (2020) 156

L ow-mass dimuon resonances / 3

A complex scalar singlet is added to the two-Higgs doublet (2HDM) potential

—.J. a scenario where the pseudoscalar boson acquires all of its couplings to SM fermions through
its mixing with the Higgs doublets; the corresponding X—H mixing angle is denoted as 6+

1

=
>
— LHCDb
T (Run 1)
0.1 _
LHCb =
OHDM type IV, tan 3 = 0.5 _
0.01 _
L —

10
m(X) | GeV |

Federico Leo Redi | Ecole polytechnique fédérale de Lausanne | 21



https://lphe-web.epfl.ch

Federico Leo Redi | Ecole polytechnique fédérale de Lausanne | 22

Conclusions

Plenty of results, really hard to cover everything in 20 minutes, so sorry to the people whose
analyses | have missed!

The days of guaranteed' discoveries or of no-lose theorems in particle physics are over, at least
for the time being...

... but the big questions of our field remain wild open (hierarchy problem, flavour, neutrinos, DM,
BAU,...)

This simply implies that, more than for the past 30 years, future HEP’s progress is to be driven by

experimental exploration, possibly renouncing/reviewing deeply rooted theoretical bias
ASPENZ2014 Theoretical summary - M. Mangano

2020 | 2021 | 2022 | 2023 | 2024 | 2025 | 2020 | 2027 | 2028 | 2029 | 2030 .
2 | RUN3 | lss |  RUN4 | st | RUNS

L = 2x1034;
300 fb-1
(oroposed)

LHCb Upgrade |l
(proposed)

LHCb 40 MHZz
Upgrade la

| = 2x1033 L HCb Upgrade Ib | = 2x103; 50 fb-1
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Il segreto di Majorana. Riccioni & Rocchi

Federico Leo Redi
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JINST3(2008)S08005
Int J Mod Phys
= A30(2015)1530022
JHEP 1511 (2015) 103

The LHCDb detector 2010102018 - e

 LHCDb is a dedicated flavour experiment in
the forward region at the LHC —
(1.9<n<4.9) (~1°-15° L

* Precise vertex reconstruction < 10 um vertex
resolution in transverse plane.

e | ifetime resolution of

e ~ 50 fsforaJ/P
e ~ (0.2 ps for long lived neutral particle of m =3 GeV and T = 100 ps

* Muons clearly identified and triggered: ~ 90% p* efficiency

Calorimeter

* Great mass resolution: e.g. 15 MeV for J/|

Muon system

 Low pr trigger means low masses accessible. Ex: pty > 1.5 GeV
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| HCDb track types

Upstream track
4

/

UII*T’ /
Long track T track j_ -

-
W Downstream track
| VLO T —-—‘555\\

—VELO track

-

—
—_—
\\

~
~

T1 T2 T3


https://lphe-web.epfl.ch

Federico Leo Redi | Ecole polytechnique fédérale de Lausanne | 26

. HCb data

JINST 13 (2018) no.06, PO6008

Precise knowledge of the location of the g oF | | | E
material in the LHCb VELO is essential to = =
-educe the background in searches for 3 '°F -
ong-lived exotic particles A =
LHCb data calibration process can align -10[= 1= 10
active sensor elements, an alternative oF | El-
approach is required to fully map — —

I
)

the VELO material z [mm]

LHCDb w/p
Vs =13TeV

' ' ' ' b no
prompt-like sample

MU (1) > 1GeV, p(p) > 20 GeV

_|_ —
0 wtu .
] et

ek
-
-

Real-time calibration in
Run 2 (Turbo Stream)

e
-
@)

[
-
()

ardware trigger is still there,
and only ~10% efficient at
low pT

[
-
(OY)

ok
-
(\O]

Phys. Rev. Lett. 120, 061801 (2018)

Candidates / o[m(up)]/ 2

10° 10* 10°
m(pp) [MeV ]


https://lphe-web.epfl.ch

Exploring the dark sector / 2

Decaying in the detector
Reconstruction of decay vertex
Not decaying in the detector
Missing enerqgy technique
Scattering technique: electron or nuclei scattered by DM... E

—
Production of HS particle
p-lbeam

Decay to SM particles

\
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Exploring the dark sector / 3

Decaying in the detector
Reconstruction of decay vertex
Not decaying in the detector
Missing energy technique
Scattering technique: electron or nuclei scattered by DM

><]

p-beam or e-beam (<
>

e Or nuclel scattered
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Production of HS particle
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Higgs—LLP—jet pairs / 1

Massive LLP decaying — jets

Single displaced vertex with two associated
tracks; based on Run-1 dataset

Production of LLP could come e.g. from Higgs
ike particle decaying into pair of LLPs (e.g. mv)

Mnv=[25; 50] GeV and trv=[2; 500] ps
Background dominated by QCD

No excess found: result interpreted in various
models

R -
' b
| [
I
I
| I
1% ' |
V | I
O -1 |
H S b |
o'::‘—-. |
Le222%°77 '
-
- — — Pem m— w— 35T

My, [GeV/¢ ?2]

Eur. Phys. J. C77 812

- Regions where B(/1" = 7ymy) > 50% 1is excluded at 95% CL
R0 ‘

m— ATLAS 20.3 fb~! at 8 TeV
70 m—= [ HCb 2.0 fb~! at 7-8 TeV
m— CMS 185 fb~! at 8 TeV

60
50
10
30

20

10

10~ 107 10~ 10~ 100 10! 102
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Higgs—LLP—jet pairs / 2

Minimum B

excluded at 95% CL

75 % B 20 %
50 % 1l 5 %
30% N 2%

LHCb-CONF-2018-006

s 1

ATLAS and CMS dominated

~
: ATLAS and CMS dominated

ATLAS and CMS dominated

1T

| ATLAS and CMS dominated

ATLAS and CMS dominated

| ATLAS and CMS dominated
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Higgs—LLP—jet pairs / 3

LHCb-CONF-2018-006

Y

= |

(qs ATLAS and CMS dominated
> 50 - | ‘ |

S }

::-I;__H(1I . I '3'

30+

20+

1 ATLAS and CMS dominated

10 U R RR UL R R UL R R U ULRRN
10~* 100 1072 107t 10V

Ty ¢ |m]

BR(HIiggs—mv+11v) < 20 %

2y
§ 60
8 ATLAS and CMS dominated
— =
N 50_ %
Sk A= LHCDb dataset
40- _‘g Published Run 1
N at 2 fb~!
= 1
30)- ®, 23 th 1
= I 50 th™
=
fb—l
() 2) 300
=
<C
10 4' LR 3' LR 2' T T TTTTT] ll T T T 1T 0
10~ 10~ 10~ 10~ 10
Ty cT |m|

BR(Higgs—=mv+my) < 2 %

Federico Leo Redi | Ecole polytechniqgue fédérale de Lausanne | 31



https://lphe-web.epfl.ch

CMS: disappearing tracks

- One long-lived charged particle decaying
within the CMS tracker

-+ Assuming it decays outside of the
detector so track "disappears’

- Neutral, weakly interacting

- Too low momentum to be
reconstructed

+ Observation would lbe a clear sign of
BSM physics

- Arises iIn many models

- Multiple handles to study — decay

ength, mass, dE/dx, potential
recovery of decay products

32 | Federico Leo Redi | Ecole polytechnique fédérale de Lausanne

- Event selection is:
* No tracking infor

mation at L1 trigger

- [rigger on ME

from ISR jets at L1

- At HLT, OR of several MET

requirements

- MET > 105-300 GeV

+ Lowest threshold: MET > 105 GeV
and pt > 50 GeV isolated track

- At the offline reconstruction level, require

event is consistent with ISR jet
- MET > 120 GeV
- >1 jet with pt > 110 GeV

Phys. Lett. B 806 (2020) 135502
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CMS: disappearing tracks

- pt > 55 GeV, isolated from other tracks/jets
+ Require high track quality:

+ >4 pixel hits

- No missing inner/middle hits
- Veto all tracks identified as leptons (e/p/1n)

- Reject tracks In regions of lower lepton
reconstruction efficiency

“Disappearing” is defined as:
+ >3 missing outer hits — rejects most SM tracks
- <10 GeV energy deposited within AR < 0.5

+ Rejects most electrons and charged hadrons
efficiency

- E.g. electrons with significant brem. energy
causing a track reconstruction failure

Simulation
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—10° 140 fb” (1? Tev) e 140 fb' (13 TeV)
a  E E g 1UE ' ' I
oz’:} E CMS 95% expected E O%_ - . expected .
EXF 0° e Wino-like %, : Eﬂ%ié:aze}(gggted — %':f.l 02 :_ Wi(r?ol\-lllikse A ——— %ﬂ%%,ae%( Be?((éggted _:
C M S d ISa earl n _traC k iR § 61 = 10om (7. = 0.33 ns) — = Theory prediction E '::I:: E\ c,. = 10000 cm (t,. = 333 ns) — 'Cl')rtl)esgrry\//epcriedlctlon %
EON TN _f
* Results consistent with M
backgrounds estimations 107 S = 10k :
T f ~ :

L u ~
- In the context of AMSB, these 102L ~ i - S~ -
results exclude charginos ; | TSNS : R
10°° = 3 | |~

' : : 00 1000 10

Wino-like neutralino case — ” m (0o 500 1000
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) i I @ i |
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 New interpretation for
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